
S A  EPORT 
SAND86-2630 UC-80  
Unlimited Release 
Printed June 1987 

7 4  
p 

Parametric HECTR Calculations 
of Hydrogen Transport and 
Combustion at N Reactor 

Arthur C. Payne, Jr., Allen L. Camp 

Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 and Livermore, California 94550 
for the United States Department of Energy 
under Contract DE-AC04-76DP00789 



Issued by Sandia National Laboratories, operated for the United States 
Department of Energy by Sandia Corporation. 
NOTICE This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States Govern- 
ment nor any agency thereof, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any warranty, express 
or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or pro- 
cess disclosed, or represents that  its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government, any agency thereof or any of their 
contractors or subcontractors. The views and opinions expressed herein do 
not necessarily state or reflect those of the United States Government, any 
agency thereof or any of their contractors or subcontractors. 

Printed in the United States of America 
Available from 
National Technical Information Service 
U S .  Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 

NTIS price codes 
Printed copy: A19 
Microfiche copy: A01 

--I.. 



SAND8 6 -  2 6 30 
Unlimited Release 
Printed June 1987 

Distribution 
Category UC-80 
UNI-4431 

,- 

PARAMETRIC HECTR CALCULATIONS OF HYDROGEN 
TRANSPORT AND COMBUSTION AT N REACTOR 
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ABSTRACT 

This report describes a limited number of parametric calcula- 
tions of hydrogen transport and combustion in the N Reactor 
confinement for selected accident sequences. The calculations 
are performed using the HECTR computer code, which is a 
lumped-parameter code developed specifically for evaluating 
hydrogen behavior in reactor containments. A number of param- 
eters are evaluated in this study, including hydrogen source 
rate, spray effects, and source location. The calculations 
indicate that mixing within major compartments tends to occur 
fairly rapidly, but that mixing between compartments can be 
inhibited in certain situations, resulting in the formation of 
flammable mixtures. These results are being compared to 
calculations performed with other computer codes, including a 
code that uses finite-difference models. United Nuclear 
Corporation will present the results of these code comparisons 
in future reports. 
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EXECUTIVE SUMMARY 

c 

United Nuclear Corporation (UNC) is engaged in a number of 
interrelated programs to assure the safe operation of the N 
Reactor for the remainder of its planned life. These programs 
include investigating the potential plant response and risk to 
the public from a number of postulated severe accident 
sequences. Some of these accident sequences include the 
potential for fuel degradation and hydrogen pK0dUCtiOn. UNC 
has initiated an effort to examine in detail the potential 
effects of hydrogen released into the confinement and to design 
any mitigation systems or procedures that are appropriate. UNC 
has asked Sandia National Laboratories (SNL) to assist in this 
work by performing analyses of hydrogen behavior within the N 
Reactor confinement. 

Since the accident at Three Mile Island, SNL has been engaged 
in a program supported by the Nuclear Regulatory Commission 
(NRC) to examine hydrogen behavior in light water reactor (LWR) 
containments. A major part of that effort has been the 
development of the HECTR computer code. HECTR is a lumped- 
parameter computer code developed specifically for modeling 
hydrogen transport and combustion in multicompartment reactor 
containments. HECTR Version 1.5 with additional modifications 
for the N Reactor confinement was used for the calculations 
presented in this report. 

The N Reactor confinement is a highly compartmentalized 
structure with a complex arrangement of rooms and flow paths. 
The confinement consists of two major buildings, the 105 
building which contains the reactor, and the 109 building which 
contains a pipe gallery and a number of steam generator cells. 
Five, fifteen, thirty-eight. and sixty-five compartment HECTR 
models were prepared and used in the calculations. All of the 
important confinement features, such as steam vents, vacuum 
breakers, and sprays, were included in the models. 

Calculations were performed to address a number of issues. 
Hydrogen sources were examined involving quantities ranging 
from 8 8  to 176 kg of hydrogen. Several source locations were 
investigated including the pipe gallery, the pressurizer 
penthouse, the steam generator cells, and the reactor pipe 
barrier space. Calculations were also performed to examine the 
importance of the spray system and the sump pumps. Finally, 
some scoping calculations were performed to examine the 
potential effects of combustion in the 109 building, given a 
range of arbitrary initial conditions. 

A number of important insights were gained from these cal- 
culations. Hydrogen released in the lower half of the pipe 
gallery tends to mix fairly rapidly throughout the 109 
building. However, very little hydrogen is transported into 
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the 105 building in the first few hours because flow is 
predominantly into the 109 building from the 105 building as a 
result of condensation in the 109 building and inflow from the 
filter building to the 105 building. No combustible mixtures 
were predicted to occur in these cases. Neither changes in the 
hydrogen source term over the range examined nor turning off 
the containment sprays appeared to make a major difference in 
the results. These results are consistent in timing, peak 
pressure, final hydrogen concentration, and mixing time with 
the NUSAR Hypothetical Accident. 

The most sensitive parameter in these calculations appears to 
be the hydrogen source location. For example, releases within 
the pipe barrier space did produce flammable mixtures within 
the source compartment, but at lean concentrations that were 
fairly localized. Mixing was reasonably rapid throughout the 
105 building (although not rapid enough to prevent the 
temporarily flammable mixture within the pipe barrier space), 
with modest amounts of hydrogen being transported into the 109 
bu i Id ing . 
Releases within the pressurizer penthouse, located on top of 
the pipe gallery, did result in locally high hydrogen 
concentrations. This is somewhat a result of modeling the 
penthouse as a dead-ended volume with only a single flow path 
connecting it to the pipe gallery; however, it is not 
unreasonable to expect that hot hydrogen released at a high 
point will tend to Eemain high in containment unless driving 
forces for mixing are present. Containment sprays would be 
expected to mix the pipe gallery; however, no sprays are 
located in the penthouse and it is difficult to judge the 
influence of the sprays located in the pipe gallery on the 
hydrogen concentration in the penthouse. Future calculations 
are planned, using more detailed models, to resolve these 
questions. 

Hydrogen mixing following releases within a steam generator 
cell is very dependent on the level of detail of the model. If 
the large ducts to the pipe gallery at the top of the cell are 
modeled as a single junction, then as long as the lower 
junction (i-e., the sump) is open, a circulation loop is formed 
between the two junctions. If, however, the sumps become 
blocked due to high water level and failure of the sump pumps, 
then HECTR cannot correctly predict circulation into and out of 
the cells using a single junction. For this case, if the 
source is in the steam generator cell, then hydrogen 
accumulation occurs (case 6 N S ) .  Using a more detailed 
nodalization that models the ducts as multiple junctions, 
results in recirculation through the ducts. In this case (case 
lo), the hydrogen is rapidly mixed (in -1000 seconds) into the 
pipe gallery and only a temporary peak in hydrogen 
concentration occurs in the steam generator cell. 

X 
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None of the cases examined resulted in failure of the 
confinement due to combustion. The quantities of hydrogen in 
these scenarios are insufficient to lead to failure, provided 
that the burns are slow enough to result in pressure 
equilibration throughout the confinement (a few seconds or 
more). In order to better understand the quantity of hydrogen 
necessary to pose a substantial threat, we examined the 
response of the confinement to a number of postulated burns in 
the 109 building. Several of the parametric calculations 
predicted relatively uniform hydrogen mixtures throughout the 
109 building. Our postulated burn calculations assumed that 
the confinement was isolated from the outside atmosphere, but 
did allow pressure relief into the 105 building. These 
calculations indicate that the confinement design pressure (136 
kPa or 5 psig) will be exceeded when the quantity of hydrogen 
present in the 109 building exceeds 225 - 2 7 5  kg (about 5% 
hydrogen), assuming that the preburn pressure is 1 atm (101.3 
kPa) . 
There are some important limitations that should be remembered 
when interpreting the results presented in this report. First, 
this work should be interpreted in the context of a much larger 
effort that includes calculations using other computer codes 
and also the identification of important accident sequences. 
Next, only a limited number of hydrogen and steam source terms 
were examined, and these source terms were placed in arbitrary 
locations without calculations of primary system response for 
each break location. Further, because HECTR is a 
lumped-parameter code, certain momentum flux and turbulence 
effects are neglected. The effects of spray entrainment and 
momentum are also neglected. These code limitations are being 
examined through comparisons with other codes, including 
COBRA-NC which contains a finite-difference formulation. Those 
comparisons will be presented in a future report by UNC. 
Finally, HECTR does not treat the possibility of flame 
acceleration or local detonations. No detonable mixtures were 
predicted for these scenarios; however, in some cases, releases 
in the pressurizer penthouse and the steam generator cells 
resulted in situations which could progress to the formation of 
detonable mixtures. 

xi 
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1. INTRODUCTION 

_- 

United Nuclear Corporation (UNC) is engaged in a number of 
interrelated programs to assure the safe operation of the N 
Reactor for the remainder of its planned life. These programs 
include investigating the potential plant response and risk to 
the public from a number of postulated severe accident 
sequences. Some of these accident sequences include the 
potential for fuel degradation and combustible gas production. 

Combustible gases may be released into the confinement if an 
accident occurs that is severe enough to lead to fuel 
degradation and high-temperature metal-steam or graphite-steam 
interactions. Such interactions are difficult to predict, but 
could potentially lead to sufficient production of combustible 
gases, particularly hydrogen, that subsequent combustion could 
fail the confinement structure. Other efforts are underway to 
characterize the progression of severe accidents and predict 
the rate and quantity of hydrogen production. This report 
deals solely with the behavior of the hydrogen once it is 
released into the confinement. Most of the calculations use 
hydrogen and steam releases into the confinement based on the 
hypothetical accident calculation presented in Reference 4 .  
Some variations of this source are analyzed, and different 
source locations are postulated; however, no additional core 
response calculations are presented. 

In order to evaluate the potential threat from hydrogen, UNC 
has initiated an effort to examine in detail the potential 
effects of hydrogen released into the confinement and to design 
any mitigation systems or procedures that are appropriate. UNC 
has asked Sandia National Laboratories (SNL) to assist in this 
work by performing analyses of hydrogen behavior within the N 
Reactor confinement. Since the accident at Three Mile Island, 
SNL has been engaged in a program supported by the Nuclear 
Regulatory Commission (NRC) to examine hydrogen behavior in 
light water reactor (LWR) containments. A major part of that 
effort has been the development of the HECTR computer code 
[1,2]. HECTR is a lumped-parameter computer code developed 
specifically for modeling hydrogen transport and combustion in 
multicompartment reactor containments. HECTR Version 1.5 [ Z ]  
with additional modifications for the N Reactor confinement 
building is used for the calculations presented in this report. 

The N Reactor confinement is a highly compartmentalized struc- 
ture with a complex arrangement of rooms and flow paths. The 
confinement consists of two major buildings, the 105 building 
which contains the reactor, and the 109 building which contains 
a pipe gallery and a number of steam generator cells. Our goal 
is to model the confinement responses in as realistic a manner 
as possible. Five, fifteen, thirty-eight, and sixty-five 
compartment HECTR models are used in the calculations. All of 

1-1 
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the important confinement features, such as steam vents, vacuum 
breakers, and sprays, are included in the models. In some 
cases uncertainties exist in parameters such as volumes, 
surface areas, and actuation criteria; however, we believe that 
these uncertainties represent second order effects. The 
dominant uncertainties are those dealing with the hydrogen 
phenomenology. 

Our intention in this study is to characterize the likely 
nature of hydrogen transport and combustion over a wide range 
of possible situations. While all possible scenarios cannot be 
calculated directly, we did perform a number of parametric 
studies that are presented in this report. Hydrogen sources 
are examined involving quantities ranging from 88 to 176 kg of 
hydrogen. Several source locations are investigated including 
the pipe gallery, the pressurizer penthouse, the steam 
generator cells, and the reactor pipe barrier space. 
Calculations are also presented that examine the importance of 
the spray system and the sump pumps. Finally, some scoping 
calculations are shown that examine the potential effects of 
combustion in the 109 building, given a range of arbitrary 
initial conditions. 

There are some important limitations that should be remembered 
when interpreting the results presented in this report. First, 
this work should be interpreted in the context of a much larger 
effort that includes calculations using other computer codes 
and also the identification of important accident sequences. 
Next, only a limited number of hydrogen and steam source terms 
are examined, and these source terms are placed in arbitrary 
locations without calculations of primary system response for 
each break location. Further, because HECTR is a 
lumped-parameter code, certain momentum flux and turbulence 
effects are neglected. The effects of spray entrainment and 
momentum are also neglected. These code limitations are being 
examined through comparisons with other codes, including 
COBRA-NC [ 3 ]  which contains a finite-difference formulation. 
Those comparisons will be presented in a future report by UNC. 
Finally, J3ECTH does not treat the possibility of flame 
acceleration or local detonations. No detonable mixtures are 
predicted for these scenarios; however, in some cases, releases 
in the pressurizer penthouse and the steam generator cells 
result in situations which could progress to the formation of 
detonable mixtures. 

The remainder of this report contains a description of the N 
Reactor confinement, a discussion of HECTR and the modeling 
approach used, results from the parametric calculations, and 
results from the calculations of the postulated burns in the 
109 building. Appendices are also included that contain 
details of the input models and output from the calculations. 

1-2 
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2. CONFINEMENT DESCRIPTION 

2.1 Introduction 

In order to perform hydrogen transport and combustion 
calculations for postulated reactor accidents and hydrogen 
releases, we need to construct a detailed model of the physical 
layout of the plant and the operation of those systems which 
may affect the confinement re’sponse. This model needs to 
include, therefore, the following kinds of information: 
1) physical ChaKaCteriStiCS of the various volumes into which 
gas can flow, 2)‘ the characteristics of the flow paths 
connecting the volumes, 3 )  the relationship to the outside 
environment (i.e., leak or vent characteristics), and 4 )  the 
characteristics of responding systems which may affect the 
calculation. 

In this chapter, we will give a brief description of the overall 
confinement arrangement, the leak and junction configuration 
and the fog spray systems. This information was taken from 
References 5 ,  6 ,  and 7. A description of the various models 
used in the HECTR calculations is presented in Section 3.2 and 
the details of the input parameter calculations are given in 
Appendix A .  

2.2 General Plant Layout 

The N Reactor is located on the DOE’S Hanford Reservation in 
southeastern Washington State, northwest of the city of 
Rich’land. The facilities occupy a 90-acre site on the south 
bank of the Columbia River. Amony the many buildings at the 
site, three are of interest for these calculations: 1) the 
105 building - the reactor building, 2) the 109 building - the 
heat. exchanger building, and 3) the 117 building - the filter 
building. Figure 2.1 shows the general layout of these 
buildings (primary confinement zone only). 

There are five N Reactor building zones, three of which are 
related to the confinement of radionuclides during accidents. 
FOK these calculations, only the primary confinement zone (Zone 
1) is of interest. !The primary confinement zone encloses the 
reactor, the primary coolant system, and the reactor gas 
system. The N Reactor uses a confinement rather than a 
containment system because of the large exclusion zone and 
other: design features which still allow 10 CFR 100 guidelines 
to be met 173. The initial steam burst front a postulated 
accident is released to the external environment through steam 
vents which are designed to handle the blowdown of a large 
break. Then, when the pressure subsides, the steam vents are 
closed and a filtered vent is opened. The entire primary 
confinement zone is designed to withstand internal pressures of 
+ 5 . 0  psig (136 kPa). 

2-1 
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2 . 3  The 105 B u i l d i n g  - Zone 1 

The g e n e r a l  a r rangement  of t h e  pr imary  conf inement  zone f o r  t h e  
r e a c t o r  b u i l d i n g  is  shown i n  F i g u r e  2 . 2 .  The r e a c t o r  c o r e  is a 
c u b i c a l  volume i n  t h e  c e n t e r  of t h e  b u i l d i n g .  Enclosed  p i p e  
b a r r i e r  spaces hang on t h e  f r o n t  and rear faces of t h e  r e a c t o r  
w i t h  w ing- l ike  e x t e n s i o n s  on each side. The g raph i t e  g a s  
space, i n s i d e  t h e  r e a c t o r ,  and t h e  thermal sh ie lds  are  coo led  
by t h e  g r a p h i t e  and s h i e l d  c o o l i n g  sys tem which c i r c u l a t e s  
c o o l i n g  water from the  g r a p h i t e  and thermal s h i e l d s  to t h e  
a u x i l i a r y  room heat exchangers  i n  t h e  109 b u i l d i n g .  A 3 p s i d  
( 2 0 . 7  kPad) blowout p a n e l  s e p a r a t e s  t h e  g r a p h i t e  g a s  s p a c e  from 
t h e  r e a r  p i p e  b a r r i e r  s p a c e .  Each p i p e  b a r r i e r  s p a c e  has 18 
access h o l e s  on t o p  and 18 on bottom. H a l f  t h e  h o l e s  a r e  on 
t h e  l e f t  side; ha l f  a re  on t h e  r i g h t  s i d e .  When i n  o p e r a t i o n .  
t h e  lower h o l e s  a r e  b o l t e d  s h u t  from t h e  i n s i d e .  The t o p  h o l e s  
have ha tch  c o v e r s  which a re  j u s t  l a i d  ove r  t h e  h o l e  and w i l l ,  
t h e r e f o r e ,  open upwards i f  t h e  d i f f e r e n t i a l  p r e s s u r e  i s  g r e a t  
enough ( > . 2 1  p s i d  o r  1.45 kPad) .  The  p i p e  bar r ie r  spaces a r e  
n o t  a i r  t i g h t ,  b u t  w e  d i d  n o t  have any q u a n t i t a t i v e  measure of 
t h e  f l o w  c a t e  and so assumed, f o r  these c a l c u l a t i o n s ,  t h a t  t h e  
o n l y  gas f l o w  was o u t  of t h e  t o p  h o l e s .  

The p i p i n g  of t h e  pr imary  c o o l a n t  system e n t e r s  f rom the  bottom 
of t h e  109 b u i l d i n g ,  goes  up  and ove r  t h e  t o p  of t h e  r e a c t o r  on 
t h e  l e f t  and r i g h t  sides, down i n t o  t h e  f r o n t  p i p e  b a r r i e r  
space, t h rough  t h e  r e a c t o r  i n t o  t h e  rear p i p e  b a r r i e r  s p a c e ,  
down and back i n t o  t h e  109 b u i l d i n g  t o  t h e  steam g e n e r a t o r s .  

The volume on each side of and u n d e r n e a t h  t h e  r e a c t o r  is  n o t  i n  
t h e  pr imary  conf inement  zone, b u t  is i n  t h e  secondary  c o n f i n e -  
ment zone (zone  11). From t h e  s ide t h e  pr imary  conf inement  
zone looks l i k e  a n  i n v e r t e d  U (See F i g u r e  2 . 2 ) .  The zone 
s t a r t s  i n  t h e  lower f r o n t ,  e x t e n d s  up and ove r  t h e  t o p  of t h e  
r e a c t o r  and exc luded  s ide volumes, and down t o  t h e  lower back.  
There is  a w a l l  s e p a r a t i n g  t h e  f r o n t  and rear of t h e  b u i l d i n g  
w i t h  a two- foo t  h i g h  opening  e x t e n d i n g  a l l  the  way a c r o s s  t h e  
t o p .  

On t h e  t o p  of t h e  b u i l d i n g  a re  t h r e e  rooms (608,  605, and 
6 0 4 ) .  The f r o n t  and rear rooms (608 and 604,  respect ively)  are  
machinery rooms which hold  t h e  p i p e  b a r r i e r  thermal s h i e l d s ,  
which a re  raised when t h e  r e a c t o r  i s  s h u t  down. There i s  a 
r e c t a n g u l a r  h o l e  i n  t h e  f l o o r  of each room for t h e  s h i e l d  t o  
e n t e r .  The c e n t e r  room ( 6 0 5 )  i s  t h e  e x h a u s t  t o  t h e  f i l t e r  
b u i l d i n g .  I t  has n i n e  e q u a l l y - s p a c e d  h o l e s  i r k  t h e  floor 
a l l o w i n g  gas t o  pass up i n t o  t h e  room and t h e n  o u t  t h e  three 
v e n t i l a t i o n  system conf inement e x h a u s t  valves t o  the f i l t e r  
bu i I d  i n g  . 
I n  o r d e r  t o  a l low g a s  expans ion ,  there are  c r o s s - v e n t s  between 
t h e  105 and 109 b u i l d i n g .  There a rc  e i g h t  v e n t s ,  f o u r  on each 
side a t  t h e  5 0 - f o o t  e l e v a t i o n .  One of t h e  four c r o s s - v e n t s  on 
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t he  r i g h t  side is  normal ly  l e f t  f u l l y  open.  The o t h e r  s even  
open i f  t h e r e  is greater t h a n  a l.588 wg d i f f e r e n t i a l  p r e s s u r e  
(373  Pad)  from t h e  109 t o  105 b u i l d i n g .  There a r e  s h e a r  p i n s  
which s h e a r  a t  2 . 2 5  p s i d  (15 .5  kPad) d i f f e r e n t i a l  p r e s s u r e  from 
t h e  105 t o  109 b u i l d i n g .  T h e r e f o r e ,  i f  t h e  p r e s s u r e  i s  g r e a t e r  
i n  t h e  109 b u i l d i n g ,  t h e  c r o s s - v e n t s  a c t  l i k e  v a r i a b l e  a r e a  
d o o r s  w i t h  t h e  area depending  on d i f f e r e n t i a l  p r e s s u r e .  I f  t h e  
p r e s s u r e  i s  h i g h e r  i n  t h e  105 b u i l d i n g ,  t h e y  a c t  a s  blowout 
p a n e l s .  

On t h e  roof of t h e  105 b u i l d i n g  a re  two steam v e n t s  and two 
vacuum b r e a k e r s .  There i s  one steam v e n t  and one vacuum 
b r e a k e r  on each side of t h e  r e a c t o r  b u i l d i n g .  On t h e  l e f t  s ide 
is t h e  s p e c i a l  steam v e n t .  On t h e  r i g h t  i s  t h e  r e g u l a r  s t eam 
v e n t .  The  steam v e n t s  have c o v e r s  which r u p t u r e  a t  1 . 2 5  p s i g  
( 1 0 9 . 9  kPa) and 2 . 0  p s i g  (115.1 kPa) ,  r e s p e c t i v e l y ,  f o r  t he  
s p e c i a l  and r e g u l a r  v e n t .  They have c l o s u r e  valves which  c l o s e  
a f t e r  t h e  i n i t i a l  p r e s s u r e  t r a n s i e n t  has passed, a s  d e s c r i b e d  
i n  t h e  s e c t i o n  on a c t u a t i o n  l o g i c  ( S e c t i o n  2 . 6 ) .  The vacuum 
breakers a re  o p e r a t e d  by r e a c t o r  b u i l d i n g  p r e s s u r e  a g a i n s t  a 
w e i g h t  l e v e r .  They b e g i n  opening  a t  - . 2 5  p s i g  ( 9 9 . 6  kPa) and 
a r e  f u l l  open a t  -.5 p s i g  ( 9 7 . 9  k P a ) .  

I n  t h e  rear of t h e  10s b u i l d i n g ,  a t  t h e  bot tom, is a j u n c t i o n  
t o  t h e  f u e l  t r a n s f e r  pool. T h i s  j u n c t i o n  is  c o n s t r u c t e d  as a 
Ilbanana” w a l l .  There i s  a d i s c h a r g e  b a s i n  i n t o  which p a r t  of 
t h e  r e a r  w a l l  of t h e  r e a c t o r  b u i l d i n g  p e n e t r a t e s  t o  a d e p t h  
which w i l l  a l l o w  f o r  a 25 p s i g  (2 1 3 6  kPa)  s e a l  between t h e  
i n s i d e  and o u t s i d e  s u r f a c e s  of t h e  pool  (see F i g u r e  2 . 2 ) .  

A f t e r  a p o s t u l a t e d  a c c i d e n t  o c c u r s ,  t h e  f o g  s p r a y  sys t em comes 
on and i n j e c t s  8 ,570 gpm ( . 5 4  m * * 3 / s )  i n  o r d e r  t o  condense 
steam, reduce  p r e s s u r e ,  and s c r u b  f i s s i o n  p r o d u c t s .  The s p r a y s  
a r e  aut.0 a c t u a t e d  a t  10” wg (103 .8  kPa) i n  t h e  r e a c t o r  
b u i l d i n g .  The s p r a y  n o z z l e s  a r e  l o c a t e d  on t h e  c e i l i n g  of t h e  
r e a c t o r  b u i l d i n g  so t h a t  a l l  areas i n  t h e  b u i l d i n g  except. f o r  
t h e  r e g i o n  d i r e c t l y  o v e r  and i n  f r o n t  of t h e  r e a c t o r  a r e  
cove red .  The s p r a y  r e g i o n ,  t h e r e f o r e ,  forms a U shaped r e g i o n  
around t h e  t o p  of t h e  r e a c t o r  b u i l d i n g  s t a r t i n g  i n  t h e  f r o n t  
l e f t ,  go ing  down t h e  leEt s ide ,  a c r o s s  t h e  back ,  and up t h e  
r i g h t  s ide t o  t h e  f r o n t .  

2 . 4  The 109 B u i l d i n g  - Zone 1 

The g e n e r a l  a r rangement  of t h e  p r imary  conf inement  zone f o r  t h e  
h e a t  exchanger  b u i l d i n g  is shown i n  Figure 2 . 3 .  The heat 
exchanger  b u i l d i n g  i s  d iv ided  i n t o  s i x  steam g e n e r a t o r  c e l l s ,  
a n  a u x i l i a r y  c e l l ,  a p r e s s u r i z e r  pen thouse ,  a l a r g e  p i p e  
g a l l e r y ,  and a n  e x t e n s i o n  t o  t h e  p i p e  g a l l e r y  t h a t  w a s  added 
when steam g e n e r a t o r  c e l l  s i x  w a s  added. 

The p i p e  g a l l e r y  is a l a r g e  open volume w i t h  t h e  p i p i n g  f o r  t h e  
g r a p h i t e  and t h e r m a l  s h i e l d  and p r imary  c o o l a n t  sys t ems  e n t e r i n g  
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into the bottom third of the gallery and then going to the 
auxiliary and steam generator cells, respectively. Located in 
the pressurizer penthouse situated on top of the pipe gallery 
is a pressurizer which is connected to the hot leg. When a 
sixth steam generator cell was added, an extension to the pipe 
gallery was made. The wall at the left end of the pipe gallery 
has four large open doors connecting the two regions. 

There are thirteen regular steam vents and two vacuum breakers 
located in the pipe gallery. The steam vents are similar to 
the regular steam vent in the reactor building, blowing open at 
+2.0 psig (115.1 kPa), and closing at some later time as 
described in Section 2.6. There are seven steam vents located 
across from steam generator cell five, four across from steam 
generator cell one, and two acrosB from steam generator cell 
six. The two vacuum breakers are similar to those in the 
reactor building and are located across from steam generator 
cell one. 

The cross-vents from the reactor building enter at the top of 
the pipe gallery. 

The pipe gallery also has a fog spray system. The spray 
nozzles are equally spaced across the top of the building so 
that complete coverage is obtained. The drop sizes are larger 
than those in the reactor building (1690 Vm vs. 1400 or 1100 
vm). The system is auto-actuated at 10" wg (103.8 kPa) 
pressure in the heat exchanger building as described in Section 
2.6 and injects a total of 1200 gpm (.076 m**3/s). 

The steam genernt.or cells each have two steam generators. 
There are three large ducts at the top of each cell and a sump 
at the bottom. These all open into the pipe gallery. There 
are sliding doors which can cover the ducts on any cell isolat- 
ing it so that maintenance can be performed on one cell while 
the reactor is in operation. These doors will be covering the 
ducts on one of the steam generator cells when the reactor is 
in operation and this cell will not be in operation. Each sump 
has 10" (.254 m) of water in it when the reactor is in opera- 
tion and 300 gpm (.019 m**3/s) sump pumps start automatically 
if the level reaches 12" (.305 m). The sumps are 11 feet (.335 
m) deep and 21 feet (6.4 m) wide and extend along the 50-foot 
width (15.24 m) of the face of the cell. 

The auxiliary cell is similar to the steam generator cells but 
does not have a sump. Instead, it has a small open door about 
half way up the wall separating it from the pipe gallery. 
There are four heat exchangers for cooling the graphite and 
thermal shields in the cell. 

There is a fog spray system in the steam generator cells, but 
actuation of this system is manual. There are no procedures 
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for turning the steam generator sprays on in an accident, so 
these were not modeled. The auxiliary cell does not have any 
sprays. 

2.5 The 117 Building - Zone 1 

The general arrangement of the ducts to the filter building, 
the filter building, and the vent stack are shown in Figure 
2 . 4 .  Only the filtered release mode is shown. As described in 
Section 2.6, all other 105 and 109 building HVAC fans and 
ducting isolate upon receipt of a 2 "  wg (101.8 kPa) signal and 
do not reopen. The gas exits from the lo5  building through 
three 72" butterfly valves (confinement exhaust valves) down an 
exhaust duct to the filter building, through the 1tI>8t  cell, into 
another duct, and then out the vent stack. 

The confinement exhaust valves are isolated early in the 
accident when pressure exceeds 2" wg (101.8 kPa) in the reactor 
building. Later, these valves reopen if pressure is <318 wg 
(102 kPa) and 205  s have elapsed (see Section 2 . 6 ) .  At this 
time, filter cells A and B are in operation. According to 
procedures, the filters are manually realigned when pressure in 
zone I falls below 2" wg (101.8 kPa). The I I D I l  cell is put on 
line and the other cells are isolated. Since the normal 
filters are not in operation for very long, we only modeled the 
IID" cell. 

2.6 Actuation Logic for Vents and Sprays 

There are four actuation circuits which affect the vents and 
sprays: 1) the 105 confiner circuit, 2 )  the 109 confiner 
circuit, 3) the 105 spray circuit, and 4 )  the 109 spray 
circuit. The most complicated is the 105 confiner circuit 
which we will discuss first. All of the circuits are 
illustrated in Figure 2.5. 

2.6.1 The 105 Confiner Circuit 

At 2 "  wg (101.8 kPa), four pressure switches in the 105 
building, acting in 2 / 4  logic, isolate the 105 HVAC system 
(including the confinement exhaust valves to the filter 
building) and start three 150 s timers. There is a redundant 
Set of four switches which will also isolate the 105 HVAC 
system upon start of the ECC systems. When 2 / 3  of the 150 s 
timers time out, two things happen: 1) three 55 s timers will 
start, and after 2 / 3  of the 55 s timers time out and if 2 / 4  
pressure switches in the 105 building indicate <311 wg (102 
kPa), then the confinement exhaust valves to the filter 
building will open, and 2) if primary system pressure is <575 
psi9 ( < 4  MPa), all fourteen regular steam vents will close. 
After the confinement exhaust valves open, the special steam 
Vent closes. If pressure in the 105 building ever increases to 
>15" wg (105 kPa), then a 2 / 4  pressure switch logic will 
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reclose the confinement exhaust valves. The valves will reopen 
if pressure falls back below 15”” wg (105 kPa). Note, however, 
that once the special or regular steam vents close, they will 
- not automatically reopen. 

2.6.2 The 109 Confiner Circuit 

At 2”” wg (101.8 kPa), the 109 building W A C  will be isolated. 
The logic acts like a 2 out of 7 coincidence circuit where one 
pressure switch in the pipe gallery and one pressure switch in 
any one of the steam generator cells will trip the circuit. 
There is an A and a B train. There are some additional 
combinations of cell pressures which will trip the logic, but 
these were not modeled since they are redundant and would not 
affect the calculations. If the ECC systems start, they will 
a l s o  result in isolating the 109 building W A C .  

2.6.3 The 105 Spray Circuit 

Four pressure switches arranged in 2/4 logic will auto-start 
the 105 building fog spray system if pressure exceeds 10” wg 
(103.8 kPa) in the 105 building. 

2.6.4 The 109 Spray Circuit 

Using the same pressure switches and logic of the 109 Confiner 
Circuit (Section 2 . 6 . 2 ) ,  the spray circuit will auto-start the 
109 fog spray system (only in the pipe gallery) if pressure 
exceeds 10” wg (103.8 kPa) in the 109 building. 
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Figure 2.1. General Arrangement of N Reactor Buildings 
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3. MODELING APPROACH 

3.1 Brief Description of HECTR 

3.1.1 Introduction 

Following the accident at Three Mile Island, the Nuclear 
Regulatory Commission sponsored a program at SNL to investigate 
hydrogen behavior in light water reactor containments. A major 
part of this program was the development of HECTR (Hydrogen 
Event Containment Transient Response), which is a computer code 
to model the transport and combustion of combustible gases 
during postulated accidents in Light Water Reactors (LWRs). 
Following the development and application of several preliminary 
versions of HECTR, Version 1.0 was released in February 1985 
[l]. This version contained several limitations that were 
corrected with the release of Version 1.5 in April 1986 [2]. 
All of the calculations performed for N Reactor are based on 
HECTR Version 1.5, with some modifications to the code logic, 
as discussed in more detail later. 

HECTR is a lumped-parameter containment analysis code developed 
for calculating the containment atmosphere pressure-temperature 
response to combustion. HECTR has been developed with emphasis 
on combustion. It is not intended to model all possible 
phenomena that might occur during a severe accident. In 
particular, steam explosions, core-concrete interactions, and 
aerosol transport are not modeled by HECTR. References 8 
through 12 provide more examples of the previous uses and 
capabilities of HECTR. 

3.1.2 Model Descriptions 

In this section, the methods used in HECTR for the N Reactor 
calculations are briefly described. More detailed discussions 
of these methods and other models not utilized in these 
calculations are contained in Reference 2. Changes made to 
HECTR specifically for the N Reactor calculations will be 
documented in detail in a future report as a supplement to 
Reference 2. The code structure and governing equations are 
discussed first, followed by descriptions of the physical 
models that provide terms for the governing equations. Section 
3.2 contains more information regarding the specific 
application of these models to N Reactor. 

3.1.2.1 Multicompartment Mass, Energy, and Momentum Equations 
and the Equation of State 

To calculate the pressure, temperature, and composition of gases 
in a containment, the containment is divided into ttcompartmentstt 
with flow between compartments occurring through ttjunctions.tt 
As shown in Figure 3.1, each compartment is essentially a gas 
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control volume. The multicompartment gas-transport model is a 
system of ordinary differential equations expressing 
conservation of mass, energy, and momentum. The mass 
conservation equations are formulated for each gas species in 
each compartment on a molar basis. HECTR calculations can be 
performed using either four gas species (water vapor, nitrogen, 
oxygen, and hydrogen) or six (the previous four gas species 
plus carbon monoxide and carbon dioxide). The conservation of 
energy equation is formulated for the total mixture in each 
compartment. These equations include terms for combustion, 
heat transfer to surfaces, evaporation/condensation on 
surfaces, external sources, and the effects of engineered 
safety features (ESFs). Gas flow rates between 'compartments 
and leak rates from the containment are determined by using a 

transient momentum equation is used that includes gravitational 
and frictional forces, but neglects momenturn flux terms. 
Within each compartment the gases are perfectly mixed. Steam 
is treated as a real gas, while the other gases are assumed to 
be ideal. The mass, energy, and momentum equations are solved 
simultaneously to obtain the compartment thermodynamic 
conditions and junction flow sates throughout a transient. 
External sources can be treated by HECTR in a variety of ways. 
Any of the gas species OK liquid water can be injected into any 
compartment or sump. Tabular source input can be provided by' 
the user, or procedures can be used to interface HECTR to 
source files produced by primary reactor system codes. Energy 
sources can also be specified for any compartment using tabular 
input. 

simplified momentum equation at each flow- junction. A 

3.1.2.2 Method of Solution 

The conservation equations in HECTR are solved using a 
linearized implicit formulation (backward Euler method). The 
linear system of equations that results from this formulation 
is solved by a standard LU decomposition followed by back 
substitution. 

3.1.2.3 Timestep Control 

There are two major kinds of timesteps in HECTH: heat-transfer 
timesteps and flow timesteps. Normally, heat-transfer rates 
are relatively constant over a longer time scale than that 
required to solve the conservation (flow) equations. 
Therefore, we decoupled the heat-transfer calculations from the 
flow equations in HECTR. To accomplish this, heat-transfer 
rates from radiation, convection, condensation, fan coolers, 
and sprays are computed at the beginning of a heat-transfer 
timestep. These rates are then held constant while the flow 
calculations are performed (the conservation equations are 
solved). When compartment conditions change sufficiently to 
significantly affect: the heat-transf er rates, HECTR 
recalculates these rates. The time between heat-transfer 
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updates is termed the heat-transfer timestep, and the timestep 
used when solving the conservation equations is termed the flow 
timestep. Note that each heat-transfer timestep can contain 
one or more flow timesteps. 

HECTR automatically controls the size of the heat-transfer and 
flow timesteps. The flow timestep is controlled by changes in 
compartment pressure and by the total volumetric flow leaving 
each compartment. The heat-transfer timestep is controlled by 
changes in compartment pressures and temperatures. Both types 
of timesteps are further constrained to fall within minimum and 
maximum limits. The rate of growth of each timestep is also 
controlled. 

3.1.2.4 Flow Junctions 

The standard type of flow junction in HECTR allows for flow in 
either direction, with the flow rate determined from the 
momentum equation. Most of the flow junctions in the N Reactor 
calculations are of this type. HECTR also includes options for 
several other types of more specialized flow junctions. Two 
flow junction types are available to model check valves and 
variable area one-way doors. To model check valves, the 
momentum equation for two-way junctions is used, but flow is 
allowed to occur only in one direction. The variable area 
one-way doors are modeled by allowing the flow area of the 
junction to vary with the differential pressure across it. A 
fourth type of junction is used to model drains between the 
upper and lower compartments of an ice-condenser containment. 
A fifth type of junction is available for modeling blowout 
panels. This junction type was used to model the blowout 
panels around the pipe barrier spaces. The sixth junction type 
(flood type) is included to model flow paths that may become 
blocked by water during a simulation. This junction type was 
used to model the flow path through the sumps connecting the 
steam generator cells to the pipe gallery. 

A seventh type of flow junction was added to HECTR specifically 
for the N Reactor calculations. This valve-type junction was 
added to model the cross vents between the 105 and 109 
buildings and the isolation valves between the 105 building and 
the filters. This junction type allows for changing the flow 
area as a function of differential pressure or time and allows 
the cross-vent doors to blow out based on exceedence of a 
specified differential pressure in a given direction. Once the 
doors blow out, they remain open for the remainder of the 
calculation. 

3.1.2.5 Containment Leakage Model 

All flow paths connecting the containment atmosphere to the 
outside atmosphere are considered to be containment leaks. 
HECTR includes models for several types of containment leakage: 
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pressure-dependent leakage, temperature-dependent leakage, and 
gross containment failure. The leakage area is specified as a 
function of temperature and time in the temperature-dependent 
leakage model. For pressure-dependent leakage, the leakage 
area varies with the differential pressure across the leak. 
Hysteresis effects can be included in pressure-dependent 
leakage. Time, pressure or temperature can be used to specify 
the threshold condition for gross containment failure. When 
the selected threshold condition is achieved, the leakage area 
is set equal to the failure area. When more than one type of 
containment leak is specified for a compartment, the leakage 
area is calculated as the sum of the leakage areas from the 
individual models. 

Additional leakage model8 were added to HECTR to treat the N 
Reactor steam vents and vacuum breakers. The steam vent model 
allows the vents to open based on time, pressure, or 
temperature criteria. The vents begin to reclose after a 
specified time interval and are completely closed after an 
additional time interval. The vacuum breaker model determines 
the flow area from a table of area versus differential 
pressure. Some numerical smoothing of the vacuum breaker areas 
is employed in the calculations. The steam vent and vacuum 
breaker models assume constant properties for the outside 
atmosphere; however, elevation effects (buoyancy terms) are 
included. 

3 . 1 . 2 . 6  Intercompartment Fans 

The HECTR fan model can treat flow between any two 
compartments. A head flow curve can be used to calculate the 
fan flow rate, or a constant volumetric flow rate can be 
specified. The fans can be either actuated at the beginning of 
a calculation or set to come on automatically based on pressure 
or temperature setpoints. This model was not utilized for the 
calculations presented in this report; however, it may be 
modified in the future to treat the N Reactor ventilation 
system. 

3 . 1 . 2 . 7  Hydrogen and Carbon Monoxide Combustion 

Two types of combustion models are available for burning 
hydrogen and/or carbon monoxide in HECTR. The first model is 
used for "discrete burnsv1 which burn the combustible gases 
uniformly in a compartment only after prescribed ignition or 
propagation criteria are met. The second type models 
"continuous burning1* in which the combustible gases are burned 
continuously as they flow into a specified compartment. These 
models and the specific correlations are discussed in detail in 
Section A . 2 . 3  of Reference 2 .  

The combustion model for discrete burns in HECTR treats both 
ignition of hydrogen or carbon monoxide in a compartment and 
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propagation of burns between compartments. The burns are 
assumed to behave like ordinary deflagrations; flame 
acceleration and detonations are not treated in HECTR. The 
hydrogen and/or Carbon monoxide in a compartment is ignited if 
the concentrations of hydrogen, oxygen, steam, carbon monoxide, 
and carbon dioxide in the compartment sat.isfy specified 
ignition limits. This burn can propagate into adjacent 
compartments if the hydrogen, oxygen, steam, Carbon monoxide, 
and Carbon dioxide concentrations in these compartments satisfy 
specified propagation limits, which can be different from the 
ignition limits. To define the ignition and propagation 
limits, minimum concentrations are specified for the 
combustible gases (hydrogen and carbon monoxide) and oxygen, 
and maximum concentrations are specified for the diluents 
(steam and carbon dioxide). The propagation limits can be 
different for upward, horizontal, and downward propagation. 
The user can specify values for these parameters or use the 
default values included in HECTR. 

HECTR does not model these discrete burns as flame fronts; 
instead, it calculates a rate at which the hydrogen and carbon 
monoxide are combined with oxygen in a compartment to form 
steam and carbon dioxide, and assumes the reaction occurs 
uniformly throughout the compartment. Thus, during a burn, a 
compartment will contain a homogeneous mixture of burned and 
unburned gases. The duration of the burn (the burn time) and 
the final mole fractions of hydrogen and Carbon monoxide are 
calculated at the start of a burn. A burning rate is then 
calculated such that the burn finishes at the predetermined 
time with the correct final mole fractions of hydrogen and 
carbon monoxide. The burning rate is adjusted at each timestep 
during the burn to account for changes in the hydrogen and 
carbon monoxide concentrations from flows into or out of the 
compartment. A burn will terminate if all the oxygen in the 
compartment is consumed. 

The burn time can be a user-specified constant, or it can be 
calculated as the ratio of a user-specified flame propagation 
length (travel distance) to the flame speed. The flame speed 
can be calculated from a default correlation that varies with 
the concentrations of the combustible gases and diluents, or it 
can be specified as a constant by the user. The mole fractions 
of hydrogen and carbon monoxide that will remain at the end of 
the burn can also be calculated from a correlation built into 
HECTR, or they can be specified as constants by the user. The 
default combustion completeness and flame speed correlations 
were derived from a variety of experiments that were performed 
in the Variable Geometry Experimental System (VGES) and Fully 
Instrumented Test Series (FITS) experimental facilities at SNL 
[13,14] and at the Nevada Test Site (NTS) [lS]. The default 
combustion completeness correlation has been upgraded from the 
correlation used in HECTR Version 1.0 [l] to include more 
recent experimental results. 
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The continuous burning model consumes combustible gases as they 
flow into a compartment, rather than allowing the gases to 
accumulate to a minimum concentration before burning them. In 
this option, a user-specified fraction of the total inflowing 
combustible gases is burned whenever user-specified criteria 
for continuous burning in the compartment are satisfied. The 
criteria checked are: a minimum inflow rate of combustible 
gases, a maximum ratio of diluent to combustible gas inflow 
rates for the compartment, a minimum oxygen concentration in 
the compartment, and a maximum diluent concentration in the 
compartment. In addition, if the temperature in the compart- 
ment exceeds a user-specified llspontaneous recombination 
temperature, continuous burning will be allowed, even if the 
other criteria for continuous burning are not satisfied. 

3.1.2.8 Radiative Heat Transfer 

The radiative heat-transfer model in HECTR includes radiation 
from the steam, carbon monoxide and carbon dioxide in the 
compartments to the surfaces, as well as radiative exchange 
among the surfaces. The gas and the surfaces are both assumed 
to be gray. When carbon monoxide and carbon dioxide are not 
included in a calculation, the emittance of steam is calculated 
using the Cess-Lian model f16]. For calculations that include 
carbon monoxide and carbon dioxide, a single equivalent band 
approximation based on the Edwards wide-band model [17] is used 
to calculate the emittance. 

Surface emissivities, and view factors and characteristic beam 
lengths between surfaces, are provided by the user. A network 
for radiative heat transfer among the surfaces is then 
constructed, and the resulting linear system of equations is 
solved to give the net heat flux to each surface. In HECTH, 
radiative exchange is recommended only between surfaces in the 
same compartment or in adjacent compartments. 

3.1.2.9 Convective Heat Transfer 

The convective heat-transfer package in HECTR contains models 
for sensible heat transfer, latent heat transfer (evaporation 
and condensation), and liquid films. Three basic types of 
surfaces are treated: walls, sumps, and ice-condenser 
surfaces. The sensible heat transfer to each surface is 
determined using correlations for the Nusselt number. Both 
free and forced convection solutions are calculated, then the 
larger heat flux is used. 

Two types of latent heat-transfer models are included in 
HECTR: air-steam diffusion models and pure steam models. Both 
evaporation and condensation are treated in HECTR. The 
air-steam diffusion model is used whenever a significant amount 
of air is present and is based on a heat-transfer/mass-transfer 
analogy relating the Sherwood number to the Nusselt number that 
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is calculated for sensible heat transfer. Steam partial 
pressure differences between the gas and the surface provide 
the driving force for mass transfer (either evaporation or 
condensation). 

Different pure-steam latent heat-transfer models are used for 
the different types of surfaces. A modified Nusselt film model 
is used for condensation on wall and ice-condenser surfaces. 
Condensation on sump surfaces is based on a heat-transfer 
boundary layer at the top of the sump surface. 

Liquid films are allowed to build up on wall surfaces only. 
The films can build up to a specified maximum film thickness. 
Any additional condensate will be added to a specified sump. 
Changes in film thickness are based on the calculated 
evaporation or condensation rate. If the film becomes 
superheated relative to the gas, a portion of the film will 
boil or flash in order to bring the film back to saturation. 

To aid in NRC licensing calculations, the correlations for 
convective heat transfer and condensation specified in 
Reference 18 are also included in HECTR a s  an option. 

3.1.2.10 Surface Conduction 

The surfaces j.n HECTR are treated either as one-dimensional 
slabs or as lumped masses. For both cases, the heat transfer 
to the front side of the surface is calculated from the models 
for radiative and convective heat transfer described in 
Sections 3.1.2.8 and 3.1.2.9. 

For lumped-mass surfaces, the temperature and all of the 
material properties are assumed to be constant throughout the 
surface. Therefore, a simple energy balance using the net 
heat-transfer rate to the surface can be integrated to give the 
transient surface temperature. 

One-dimensional conduction is modeled for slab surfaces. Three 
types of boundary conditions can be specified for the back 
sides of slabs: insulated, constant temperature, o r  constant 
heat-transfer coefficient. The slab is nodalized by HECTR, and 
a finite difference formulation is used to calculate the 
temperatures in the slab. 

3.1.2.11 Containment Sprays 

The containment spray model determines the heat and mass 
transfer rates in containment due to sprays. The effects of 
sprays on the fluid mechanics (momentum and turbulence effects) 
are not included. Sprays can be injected into any specified 
compartment. The drops from containment sprays are assumed to 
be isothermal, spherical. and traveling at the terminal 
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velocity corresponding to their instantaneous size and mass. 
Ordinary differential equations are formulated, which express 
the rates of change of the mass and temperature of a drop with 
respect to the distance it has fallen. These equations are 
integrated for drops from each drop size in a user-specified 
droplet distribution as they fall through a compartment. The 
contribution of the sprays to the heat- and mass-transfer rates 
for the compartment are determined by the final temperature and 
masses of the drops. The gas is assumed to be homogeneous with 
constant properties during the fall time of the drops. 
Therefore, the solutions represent a quasi-steady-state model. 
A user-specified fraction of the drops that have reached the 
bottom of a compartment is allowed to fall into lower 
compartments. Water not falling into other compartments can be 
transferred to a specified sump. 

Like the fans, the sprays can be either actuated at the start 
of a calculation or set to come on automatically whenever 
specified pressure or temperature setpoints are exceeded. The 
spray actuation logic was altered for the N Reactor 
calculations to allow spray actuation based on combinations of 
pressure signals from %harious compartments, and to allow 
different spray trains to have different actuation criteria. 
Additional logic in HECTR allows operation of the sprays in 
either the injection mode or the recirculation mode. In the 
injection mode, sprays are introduced from a constant- 
temperature external source. After a specified time in the 
injection mode, the sprays automatically switch to the 
recirculation mode. In the recirculation mode, spray water is 
drawn from a specified sump and, if desired, passed through a 
heat exchanger before being introduced into the desired 
compartments. All of the N Reactor calculations were performed 
in the injection mode. 

3.1.2.12 Containment Sumps and Water Fools 

An arbitrary number of sumps can be included in a simulation, 
and each sump can reside in an arbitrary number of compartments 
(this is accomplished by using multiple surfaces for a sump). 
The temperature of each sump is assumed to be uniform, even for 
sumps that reside in more than one compartment. Water and 
energy can be added to or removed from each sump by several 
processes that are listed in the following paragraphs. The 
temperature and mass of each sump are calculated by performing 
mass and energy balances that include all of these processes. 
Each sump can be either subcooled or saturated (at the minimum 
pressure of the compartments containing the sump). If a sump 
becomes superheated, enough water is removed from the sump 
during each timestep and added as steam to the associated 
compartments to keep the pool at saturation. 

Water can be added to the sumps by several processes: runoff 
of condensate that collects on heat-transfer surfaces, water 
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that condenses from the atmosphere if the gas becomes 
supersaturated, condensate from a fan cooler, and water that 
drains out of the lower plena of an ice condenser. Any spray 
droplets that reach the bottom of a compartment and which will 
not be carried over into lower compartments are also added to a 
sump. If an external source of water is injected into a 
compartment and flashes to a mixture of liquid and steam in the 
compartment, the liquid portion is added to a sump. External 
sources of liquid water OK any of the gases modeled in HECTR 
can also be injected directly into a sump. Any steam injected 
into a sump is assumed to condense in the sump, and any other 
gases are assumed to be cooled to the sump temperature before 
escaping into a user-specified compartment(s). The energy 
removed from the gases by condensation and cooling is added to 
the sump. Water can be drawn from a sump for emergency core 
cooling OK containment sprays. Water can also overflow from 
one sump to another. 

Sumps can be cooled by heat exchangers, and convective heat 
transfer, condensation/evaporation, and radiative heat transfer 
are calculated for the surfaces of each sump. 

A model also exists to treat boiling water reactor (BWR) Mark 
I11 suppression pools. This model was not employed in these 
calculations, but may be modified in the future to treat the 
banana wall in the 105 building. 

3.2 Confinement Model Descriptions 

In this section, we will discuss the physical and logical 
characteristics of the four models of the N Reactor constructed 
for this analysis. The detailed calculations of the specific 
numbers used may be found in Appendix A.  

Initially, we based our model on a 12-volume model that was 
developed for the CONTEMPT code [SI and informal information 
from UNC describing calculations of areas, volumes, and flow 
coefficients for the vents, leaks, and junctions 151. 
Descriptions of the fog spray system, and the vent and leak 
logic were also provided. As questions came up, we called the 
plant and obtained additional information; however, there are 
still some uncertainties and discrepancies. We feel that all 
of these will have minor effects on the calculation and di8cUSS 
some of them in Section 3 . 2 . 4 .  The rest are discussed in 
Appendix A in the parameter calculations. 

3.2.1 The 5-Volume Model 

In Order to perform some initial scoping calculations on the 
potential effects of combustion in the 109 building, a simple 
5-volume model was constructed. While this model lumps 
together large volumes of the primary confinement zone, the 
logic and Characteristics of a11 the leaks, vents, and 
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j u n c t i o n s  a r e  modeled i n  the  same manner as i n  t h e  15 and 
38-volume models.  T h i s  a l lowed u s  t o  test  t h e  changes made t o  
HECTB i n  o r d e r  t o  model the  v e n t  and  j u n c t i o n  c h a r a c t e r i s t i c s  
a t  N R e a c t o r .  

F i g u r e  3 . 2  shows the  o v e r a l l  l a y o u t  of t h e  5-volume model and 
i d e n t i f i e s  a l l  t h e  leaks,  v e n t s ,  and j u n c t i o n s .  The l e a k s  and 
v e n t s  a r e  numbered L1 t o  L11; t h e  j u n c t i o n s  a r e  numbered J 1  t o  
57.  

The r e a c t o r  b u i l d i n g  is  d iv ided  i n t o  two volumes: t h e  f r o n t  
(volume 1) and t h e  r e a r  (volume 2 ) .  The f r o n t  volume i n c l u d e s  
t h e  f r o n t  p i p e  b a r r i e r  s p a c e ,  room 6 0 8  ( a  machinery room), and 
room 605 ( t h e  e x h a u s t  t o  t h e  f i l t e r  b u i l d i n g  i n s i d e  t h e  
conf inement  e x h a u s t  va lves) .  The r e a r  volume i n c l u d e s  t h e  r e a r  
p i p e  b a r r i e r  s p a c e ,  t h e  g r a p h i t e  g a s  s p a c e ,  and room 6 0 4  ( a  
machinery room). 

The two vacuum b r e a k e r s  make up l e a k  4 ;  t h e  r e g u l a r  steam v e n t  
is l eak  5;  t h e  s p e c i a l  s team v e n t  i s  leak 11, and there a r e  two 
leaks (10 and 9 )  which  r e p r e s e n t  small  l e a k a g e s  from t h e  f r o n t  
and rear ,  r e s p e c t i v e l y .  J u n c t i o n  1 i s  t h e  two-way open 
j u n c t i o n  a t  t h e  t o p  of t h e  w a l l  s e p a r a t i n g  the  f r o n t  and r e a r  
volumes. J u n c t i o n  2 r e p r e s e n t s  t h e  three conf inement  e x h a u s t  
valves t o  t h e  f i l t e r  b u i l d i n g .  J u n c t i o n  5 i s  the  open 
c r o s s - v e n t  between t h e  105 and  109  b u i l d i n g s .  J u n c t i o n  6 is  
made up  of t h e  seven  normal ly-c losed  c r o s s - v e n t s  be tween t h e  
105 and 109 b u i l d i n g s .  

The heat exchanger  b u i l d i n g  (109)  is a l s o  d iv ided  i n t o  t w o  
volumes; t h e  p i p e  g a l l e r y  (volume 3 )  and t h e  s team g e n e r a t o r  
and a u x i l i a r y  c e l l s  (volume 4 ) .  The p i p e  g a l l e r y  volume 
i n c l u d e s  t h e  e x t e n s i o n  added when s team g e n e r a t o r  c e l l  6 was 
added. 

L e a k s  2 ,  3 ,  and 6 are  small l e a k a g e s  from t h e  steam g e n e r a t o r  
c e l l s  (L2 and L3)  and t h e  p i p e  g a l l e r y  ( L 6 ) .  Leak 7 r e p r e s e n t s  
t h e  13  r e g u l a r  steam v e n t s  i n  t h e  p i p e  g a l l e r y .  Leak 8 
r e p r e s e n t s  t h e  two vacuum b r e a k e r s  i n  t h e  p i p e  g a l l e r y .  
J u n c t i o n  3 r e p r e s e n t s  t h e  21 d u c t s  from t h e  p i p e  g a l l e r y  t o  t h e  
t o p  of t h e  steam g e n e r a t o r  and a u x i l i a r y  c e l l s  ( 3  pe r  c e l l ) .  
J u n c t i o n  4 is  t h e  door  t o  t h e  p i p e  g a l l e r y  halfway up t h e  f a c e  
of t h e  a u x i l i a r y  c e l l .  J u n c t i o n  7 r e p r e s e n t s  t h e  6 sumps 
c o n n e c t i n g  t h e  p i p e  g a l l e r y  t o  the  s i x  steam g e n e r a t o r  c e l l s .  

The f i l t e r  b u i l d i n g ,  v e n t  s t a c k ,  and c o n n e c t i n g  d u c t s  a c e  
volume 5 .  L e a k  1 i s  t h e  two-way open e x h a u s t  t o  t h e  a tmosphere .  

The fog s p r a y  sys t ems  s p r a y  u n i f o r m l y  i n t o  volumes 1 and 2 f o r  
t h e  105 sys tem and volume 3 f o r  t h e  109  sys t em.  The sys tems 
a r e  a d j u s t e d  t o  s p r a y  t h e  c o r r e c t  amount of wa te r  i n t o  each 
volume. 
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3.2.2 The 15-Volume Model 

I n  o r d e r  t o  per form b a s e l i n e  compar isons  among s e v e r a l  codes  
and a l s o  t o  o b t a i n  some p r e l i m i n a r y  i n f o r m a t i o n  a b o u t  hydrogen 
t r a n s p o r t  i n  t h e  109 b u i l d i n g ,  a base case problem was d e f i n e d  
(see Chapter  4 ) .  For  t h i s  base case problem, a 15-volume model 
w a s  c o n s t r u c t e d  which d iv ided  t h e  p i p e  g a l l e r y  i n t o  11 volumes 
i n  o r d e r  t o  see what  f l o w  p a t t e r n s  deve loped .  

F i g u r e  3.3 shows t h e  o v e r a l l  l a y o u t  of t h e  15-volume model and 
i d e n t i f i e s  a l l  t h e  l eaks ,  v e n t s ,  and j u n c t i o n s .  The leaks and 
ven t s  a r e  numbered L l  t o  L 1 3 ;  t h e  j u n c t i o n s  a r e  numbered J 1  t o  
5 2 9 .  

The r e a c t o r  b u i l d i n g  (105) is d iv ided  i n t o  two volumes: t h e  
f r o n t  (volume 1) and t h e  rear (volume 2 ) .  The f r o n t  volume 
i n c l u d e s  t h e  f r o n t  p i p e  b a r r i e r  s p a c e ,  room 6 0 8  ( a  machinery 
room), and room 605 ( t h e  e x h a u s t  t o  t h e  f i l t e r  b u i l d i n g  i n s i d e  
t h e  conf inement  e x h a u s t  va lves) .  The r e a r  volume i n c l u d e s  t h e  
r e a r  p i p e  b a r r i e r  s p a c e ,  t h e  g r a p h i t e  g a s  s p a c e ,  and room 604  
( a  machinery room). 

The two vacuum b r e a k e r s  a r e  combined t o  form l e a k  4 ,  t h e  
r e g u l a r  steam v e n t  is  l eak  5, t h e  s p e c i a l  steam v e n t  is l e a k  
13, and there a r e  two leaks (12 and 11) which  r e p r e s e n t  small  
l e a k a g e s  from t h e  f r o n t  and rear ,  r e s p e c t i v e l y .  J u n c t i o n  1 i s  
t h e  two-way open j u n c t i o n  a t  t h e  t o p  of t he  w a l l  s e p a r a t i n g  t h e  
f r o n t  and r e a r  volumes. J u n c t i o n  2 r e p r e s e n t s  t h e  three 
conf inement  e x h a u s t  valves t o  t h e  f i l t e r  b u i l d i n g .  J u n c t i o n  8 
i s  t h e  open c r o s s - v e n t  between t h e  105 and 109 b u i l d i n g s .  
J u n c t i o n  9 r e p r e s e n t s  t h e  three norma l ly  c l o s e d  c r o s s - v e n t s  on 
t h e  same side as t h e  open c r o s s - v e n t .  J u n c t i o n  10 r e p r e s e n t s  
t h e  f o u r  normal ly  c l o s e d  c r o s s - v e n t s  on t h e  o t h e r  s ide.  

The heat exchanger  b u i l d i n g  (109)  i s  now d iv ided  i n t o  12 
volumes. The steam g e n e r a t o r  and a u x i l i a r y  c e l l s  a r e  lumped 
i n t o  one volume (volume 14) and t h e  p i p e  g a l l e r y  is  d iv ided  
i n t o  11 volumes. The p i p e  g a l l e r y  e x t e n s i o n  i s  volume 3, t h e  
p r e s s u r i z e r  pen thouse  i s  volume 13, and t h e  main a r e a  i s  
d iv ided  i n t o  t h r e e  levels w i t h  t h r e e  volumes on each leve l .  
The t o p  of t h e  lowes t  level i s  t h e  bot tom of t h e  c o l d  l e g  i n l e t  
man i fo ld  so t h a t  a b reak  there  o c c u r s  i n  volume 8 .  The two 
upper  levels e v e n l y  d iv ide  t h e  res t  of t h e  h e i g h t .  Volumes 4 ,  
7 ,  and 10 a re  i n  f r o n t  of steam g e n e r a t o r  c e l l s  1 and 2; 
volumes 5, 8, and 11 a r e  i n  f r o n t  of t h e  a u x i l i a r y  c e l l ,  and 
volumes 6 ,  9 ,  and 1 2  a re  i n  f r o n t  of s t eam g e n e r a t o r  c e l l s  3 ,  
4 ,  and 5 .  

Leaks  2, 3, and 6 are  s m a l l  l e a k a g e s  from t h e  s t eam g e n e r a t o r  
ce l l s  ( L 2  and L3) and t h e  p i p e  g a l l e r y  ( L 6 ,  p l a c e d  i n  volume 6 
where t h e  h a t c h  t o  t h e  access c o r r i d o r  i s  l o c a t e d ) .  Leaks 7 ,  
8 ,  and 9 c o n t a i n  2 ,  4 ,  and 7 r e g u l a r  steam v e n t s ,  r e s p e c t i v e l y .  
Leak  10 r e p r e s e n t s  t h e  two vacuum b r e a k e r s  i n  t h e  p i p e  g a l l e r y .  
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Junctions 3, 4, 5, and 6 represent the ducts from the top of 
the steam generator and auxiliary cells into the pipe gallery. 
Junction 3 represents the ducts for steam generator cell 6; 
junction 4 represents the ducts for steam generator cells 1 and 
2; junction 5 represents the ducts for the auxiliary cell, and 
junction 6 represents the ducts for steam generator cells 3, 4, 
and 5. The connecting sump from the pipe gallery to steam 
generator cell 6 is junction 11; the sumps for steam generator 
cells 1 and 2 are included in junction 12; the auxiliary cell 
door is junction 7 and the sumps to steam generator cells 3 ,  4 ,  
and 5 are included in junction 13. Junctions 14 through 25 are 
the fully open junctions between volumes in the main area of 
the pipe gallery. Junction 26 is the junction to the pipe 
gallery from the pressurizer penthouse. Junctions 27 through 
29 are the open doors from the main area of the pipe gallery 
into the extension (volume 3). 

The filter building, vent stack, and connecting ducts make up 
volume 15. Leak 1 is the two-way open exhaust to the 
atmosphere. 

The fog spray system in the 105 building sprays into volumes 1 
and 2. The fog spray system in the 109 building sprays into 
volumes 3, 10, 11, and 12 and then the drops fall through into 
the appropriate lower volumes if not evaporated. The flow rate 
is apportioned for each volume. 

3.2.3 The 36-Volume Model 

In order to perform detailed calculations of the hydrogen 
transport in the primary confinement zone for postulated 
accidents occurring in various places in the zone, a detailed 
38-volume model was constructed. This model was designed to 
model features which could affect the transport and buildup of 
hydrogen in various areas of the primary confinement zone. 

Figures 3.4 a, b, and c, show the layout of the 36-volume model 
and identify all the leaks, vents, and junctions. The leaks 
and vents are numbered L1 to L25; the junctions are numbered J1 
to J64. 

The reactor building is now divided into 19 volumes. The front 
of the reactor building (volume 1 in the 5- and l5--volume 
models) is divided into 11 volumes and the rear (volume 2 in 
the 5- and 15-volume models) is divided into 6 volumes. The 
top level of the reactor building is divided into 10 volumes: 
volume 1 - the top right front, volume 2 - the top center front 
and room 608. volume 3 -. the top left front, volume 4 - -  the top 
right center over the excluded space on the right side of the 
reactor, volume 5 - the top center directly over the reactor, 
volume 6 - the top left center over the excluded space on the 
left side of the reactor, volume 7 - the top right rear, volume 
8 - the top center rear and room 604, volume 9 - the top left 

3-12 



UNI - 4 4 3 1 

.- 

rear, and volume 38 - the 605 room on top of the building up to 
the confinement exhaust valves. The lower region next to the 
front face of the reactor is divided into four volumes: volume 
10 - the lower right front, volume 11 - the lower center front, 
volume 12 - the lower left front, and volume 16 - the front 
pipe barrier space. The lower region next to the rear face of 
the reactor and the reactor itself is divided into five 
volumes: volume 13 - the lower right rear, volume 14 - the 
lower center rear, volume 15 - the lower left rear, volume 17 - 
the rear pipe barrier space, and volume 18 - the graphite gas 
space inside the reactor. 

Leak 16 represents the two vacuum breakers in the reactor 
building (according to more recent information, this is modeled 
incorrectly: there should be one vacuum breaker in volume 6 
and another in volume 4 .  See Section 3.2.4 on limitations. 
This error will not have significant impact on the scenarios 
considered and will be corrected for future calculations). 
Leak 17 is the regular steam vent and Leak 25 is the special 
steam vent. Leaks 24 and 23 are small leakages from the front 
and rear of the reactor building, respectively. 

Junctions 1, 2, and 3 are the two-way open junctions at the top 
of the wall separating the front and rear of the reactor 
building. Junctions 4 ,  5, and 6 are the two-way open hatches 
(three in each junction) connecting the reactor building to the 
605 room which is the exhaust room to the filter building. 
This room, on the roof, extends across the center of the 
building. Junctions 7, 8 ,  9, and 10 are the closed hatches on 
the side wings of the front (57, J8) and rear (J9, J10) pipe 
barrier spaces. Junction 11 is the blowout panel from the 
reactor graphite gas space (volume 18) into the rear pipe 
barrier space (volume 17). Junction 12 represents the 
confinement exhaust valves to the filter building. Junction 21 
is the open cross-vent; junction 22 represents three of the 
closed cross-vents, and junction 23 represents four of the 
closed cross-vents into the pipe gallery. Junctions 4 6  through 
64 are the full open junctions between volumes in the reactor 
bui Id i ng . 
The heat exchanger building (109) is divided into two general 
areas, each of which is subdivided into smaller volumes: the 
pipe gallery (11 volumes) and the steam generator and auxiliary 
cells (7 volumes). We will discuss each of these separately. 

As shown in Figure 3.4.c. the pipe gallery is divided as in the 
15-volume model into: volume 19 - the pipe gallery extension 
in front of steam generator cell 6, volume 29 - the pressurizer 
penthouse, and a main area of three levels with three volumes 
per level (volumes 20 to 28). The top 
the pipe gallery is at the level of the 
inlet manifold and the upper levels 

of the lower level in 
bottom of the cold leg 
split the remaining 

3-13  



UNI-4 43 1 

height. Volumes 20, 23, and 26 are in front of steam generator 
cells 1 and 2, volumes 21, 24, and 27 are in front of the 
auxiliary cell; and volumes 22, 25, and 28 are in front of 
steam generator cells 3, 4, and 5 .  

Leak 18 is a small leakage from the pipe ga-llery into the 
access corridor in volume 22. Leaks 19, 20, and 21 represent 
the regular steam vents in the pipe gallery (in volumes 19, 26, 
and 28, respectively). Leak 22 represents the two vacuum 
breakers in the pipe gallery (in volume 26). 

Junctions 13, 14, 15, 16, 17, 18, and 19 represent the ducts 
from the pipe gallery to top of the steam generator cells 6, 1, 
and 2, the auxiliary cell, and steam generator cells 3, 4, and 
5, respectively. Junction 20 is the auxiliary cell door. The 
sumps connecting the pipe gallery and steam generator cells 6, 
1, 2, 3, 4, and 5 are junctions 24, 25, 26, 27, 28, and 29. 
respectively. Junctions 30 through 41 are the full open 
junctions between volumes in the pipe gallery. Junction 42 
connects the pipe gallery to the pressurizer penthouse. 
Junctions 43 through 45 are the open doors connecting the pipe 
gallery and the extension in front of steam generator cell 6. 

The steam generator and auxiliary cells are each modeled 
separately. The steam generator cells are volumes 30, 31, 32, 
34, 35, and 36; the auxiliary cell is volume 33. Leaks L2 
through L15 are small leakages from the cells. 

In the reactor building (105) the fog spray system sprays into 
volumes 1, 3, 4, 6, 7, 8, and 9 .  The rates are calculated for 
the number and size of nozzles in each volume. I f  appropriate, 
a portion of the spray drops which reach the bottom of the 
volume fall through to the lower volumes. In the heat 
exchanger building (109) the sprays spray into volumes 19, 26, 
27, and 28 in the pipe gallery and fall through as appropriate 
into lower volumes. 

3.2.4 The 65-Volume Model 

After running the initial parametric cases and comparing them 
with preliminary COBRA-NC results, it became clear that the gas 
transport into cells with only one junction was not adequately 
modeled. Two cases in particular reflect this situation: 1) 
the case with the source in the pressurizer penthouse (case 5). 
and 2) the case with the source in the steam generator cells 
when the sump was blocked during the blowdown (case 6NS). For 
sources in the penthouse, we still expect high concentrations 
due to the stratification of the hot hydrogen being injected 
and the absence of sprays in this compartment. However, for 
the steam generator cells, we would expect, as a result of the 
detailed nodalization results of the COBRA-NC calculations, 
that significant mixing would occur through the large ducts at 
the top of the cells due to temperature differences (density) 
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and condensation effects. The 65-volume model was constructed 
to see if, with increased nodalization, HECTR could reproduce 
the COBRA-NC results. More detailed comparisons between HECTR 
and COBRA-NC will be performed later to see if the difference 
in the modeling of the physics or the level of nodalization are 
most important in driving any differences that may appear. 

For the 65-volume model (see Figures 3.5a and b), the reactor 
building and filter building were modeled as in the 15-volume 
model. A comparison of the circulation patterns in the pipe 
gallery and steam generator cells for releases in these volumes 
showed that the detail of modeling in the reactor building had 
no significant effect. The pipe gallery, steam generator 
cells, and auxiliary cell were modeled as in the 38-volume 
model except for steam generator cell 6 and the pipe gallery 
extension. These two compartments were subdivided into 3 3  and 
13 volumes, respectively. This allowed the three ducts at the 
top of the steam generator cell to be split in two horizon- 
tally and modeled as six separate junctions. The sump 
connecting the steam generator cell to the pipe gallery was 
also split into three junctions. These junctions are shown on 
Figure 3.5.b. The junctions between all the compartments in 
the steam generator cell and pipe gallery extension are too 
numerous to show, but can be found in the input deck for the 
65-volume model in Appendix E. The sprays in the pipe gallery 
extension were apportioned equally into the top level of 
cells. All other leaks, junctions and sprays in the 109 
building were modeled as in the 38-volume case. 

3.2.5 Limitations of Models 

In this section, we will discuss various limitations on the 
models themselves. Limitations on the calculated values of 
various parameters are discussed in Appendix A.  

Limitations on All Models 

1) The top ducts on one steam generator are normally 
blocked by sliding doors, since the reactor normally 
operates with only five of the six steam generator 
cells in operation. In our model, all ducts are 
modeled as open. For accidents outside of the cell, 
this would significantly reduce the transport of 
hydrogen into the blocked-off cell, although it would 
still act as a pressure absorber due to the sump 
junction. This would result in a small increase in 
average hydrogen concentrations elsewhere. This will 
be changed at the plant and the doors will be 
positioned such that they do not block any of the 
ducts except when maintenance is actually being 
performed. 
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2) We modeled the filter building assuming only the spare 
filter cell "D" was operating. When the confinement 
exhaust valves reopen at 3 "  wg (102 kPa), cells 11A88 
and trB88 will be operating. However, the operator is 
directed to open cell "D" and isolate cells "At1  and 
llBml when pressure drops to 2" wg (101.8 kPa) which, in 
fact, occurs a very short time later. Since 
conditions are not changing very rapidly at this time, 
the slight difference in flow coefficients due to the 
differing volumes, etc. will not have a significant 
effect. The one filter can adequately handle the flow 
at this time. 

3 )  Due to insufficient information at the time the model 
was constructed, we modeled the 109 pressure as also 
actuating the timers in the 105 confiner circuit. 
However, since the buildings both exceed 2" wg (101.8 
kPa) pressure within a fraction of a second of each 
other for the large blowdowns being analyzed, this 
makes no practical difference in the time of operation 
of the regular and special steam vents and the 
confinement exhaust valves. 

4 )  The complete set of switch combinations for actuation 
of the 109 building isolation and sprays was not 
modeled. Because any of these alternate paths will 
have the same effect on the timing of events that the 
modeled path has, only one path needed to be modeled. 

5) Actuation of the emergency core cooling systems 
(ECCS), which also actuates portions of the 105 and 
109 confiner circuits, was not modeled. Since the 
confinement pressure exceeds 2" wg (101.8 kPa) almost 
immediately (i.e., < .1 s )  and, since the ECCS 
actuation should also take place immediately, the 
primary confinement zone was assumed to be isolated 
initially for all of our calculations. If some time 
elapsed bef,ore isolation, this would tend to reduce 
the peak pressure somewhat, depending on the time 
necessary to isolate. This would not affect the 
hydrogen transport, which occurs after this time. 

6 )  We assumed that primary system pressure would always 
be below 5 7 5  psig after the blowdown, since the only 
cases analyzed are a postulated large break. This 
means that the regular steam vents will always close 
after the 150 s timers time out. 

7) The confinement exhaust valves to the filter building 
were modeled as reclosing after their initial opening 
at 205 s if the pressure increased above 15" wg (105 
kPa) and reopening if the pressure dropped back to 
below 3 "  wg (102 kPa). Better information, obtained 
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later, shows that they reopen if pressure falls back 
below 15ss wg (105 kPa). This only affects burn 
calculations since the pressure spike may result in 
the vent closing and then reopening after the burn is 
over and the pressure decreases. This would not 
affect the burn itself and was observed to have no 
significant effect after the burn, since the pressure 
fell almost immediately back to 3 "  wg (102 kPa) anyway. 

8) The sump pumps for the steam generator cell sumps were 
not modeled, except for breaks in a steam generator 
cell where the sump for that steam generator cell 
would fill up and result in reduced circulation 
between the cell and the pipe gallery. This allows 
significant hydrogen buildup in the cell (see 
parametric case 6 and 10). For all other cases, the 
blowdown does not fill up the sumps and the sprays, 
which are assumed to remain on for all but parametric 
case 8 ,  slowly fill them up.  The sumps are just 
getting full at about 13,000 s after most of the 
hydrogen has been released and mixed. Since we do not 
know the dominant accident sequences which will show 
up in the probabilistic risk assessment (PRA). we 
decided to model this conservatively. If the sprays 
were off or if the sump pumps were on, the mixing rate 
would increase due to the sump junction remaining open. 

9 )  For volumes connected to the rest of the confinement 
by only one junction, the amount of circulation 
through the junction may not be adequately modeled in 
HECTR. For large open junctions, convection loops may 
form within the junction. A COBRA-NC calculation is 
being performed with detailed nodalization of some 
volumes and junctions to determine the possible 
magnitude of these effects. Volumes connected by one 
junction tend to act like a spring and some small 
amount of numerical mixing is predicted in some 
cases. The 65-volume model was constructed in order 
to compare a more detailed HECTR nodalization with 
both the COBRA-NC results and the 38-volume model for 
case 6NS where this effect was observed. A comparison 
of case 6NS and case 10 (the 65-volume model) show 
that HECTR will predict circulation if the 
nodalization is adequate. 

Limitations on the 5 and 15-Volume Models 

1) Due to the insufficient nodalization of the reactor 
building and the steam generator cells, detailed 
hydrogen transport for postulated accidents in 
enclosed volumes such as the pipe barrier spaces and 
the individual steam generator cells can not be 
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adequately modeled. A l s o ,  for the 5-volume model, 
accidents in the pressurizer penthouse could not be 
realistically modeled. 

2) Since the steam generator cells are not separated in 
these models, horizontal circulation into these cells 
through the ducts created by the differential pres- 
sures in the pipe gallery would be possible. By 
comparing the results of the 15- and 35-volume models, 
this was found not to significantly affect the results. 

3 )  Differential hydrogen accumulation can not be 
correctly modeled in the reactor building with so few 
volumes. 

Limitations on the 38-Volume Model 

1) The vacuum breakers in the reactor building are both 
modeled as being on the left side, in volume 6. In 
fact, one is on the left and the other is on the 
right, in volume 4. Early in the postulated 
accidents, this results in some asymmetry in the flow 
patterns, particularly for parametric case 4 in the 
reactor building. Since the vacuum breakers open 
after the blowdown and close before any significant 
hydrogen transport, the effect on the calculations was 
relatively minor. 

2) The sump junctions to the steam generator cells 1 
through 5 are connected to the pipe gallery 
incorrectly. They are connected to the top of the 
pipe gallery (volumes 26 and 28), not the bottom 
(volumes 20 and 22). This will impact the mixing 
rate. Some cases were rerun correcting this error and 
no observable differences were noted. This error 
affected only the air flow path, not the water 
accumulation in the sump. 
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Figure 3.1. HECTR Compartment and Junction Arrangement 
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4. BASE CASE RESULTS (CASE 1) 

4.1 Introduction 

The base case was a postulated large break in the primary 
system cold leg inlet manifold with failure of’emergency core 
cooling. The case was analyzed using the 15-volume model. The 
break was located in volume 8, and the fog sprays were left on 
after they were actuated. The steam and hydrogen sources were 
for the NUSAR hypothetical accident sequence 141, but the 
hydrogen source was extended to 13,000 s by UNC [SI. 

4.2 The First 500 Seconds 

The steam source begins at t = 0, peaks at t = 0.6 s ,  and 
decays to zero at t = 156 s .  Figure 4.la and b show the steam 
and water injection rates and Figures 4.2a and b show the 
integrated totals. The split between steam and liquid is based 
on a HECTR calculation that flashes the primary system fluid to 
a saturated mixture at the compartment pressure. 

As shown in Figure 4.3 and 4.4, the pressure in the 109 
building exceeds 1.5” wg (101.4 kPa) at t = .09 s and the 
differential pressure results in the cross-vents to the 105 
building beginning to open. At t = 0.1 s ,  the pressure in the 
109 building exceeds 2“ wg (101.8 kPa) and the 109 building 
isolates. As shown in Figure 4.5, the pressure in the 105 
building exceeds 2” wg (101.8 kPa) at t = .36 s ,  and the 105 
building isolates. Also at t = .36 s ,  the pressure exceeds 10” 
wg (103.8 kPa) in the 109 building and the 109 fog spray system 
is actuated (flow does not occur for another 44 s ) .  At t = 
0.7 s ,  the pressure exceeds loll wg (103.8 kPa) in the 105 
building and the 105 fog spray system is actuated (flow does 
not occur for another 44 s ) .  At t = 1.7 s ,  the pressure 
exceeds 2.0 psig (115.1 kPa) in the 109 building and the 
regular steam vents open (see Figure 4.6). At the same time, 
the pressure in the reactor building exceeds 1.25 psig (109.9 
kPa), and the special steam vent opens (Figure 4.7). At t = 
3.4 s .  the pressure exceeds 2.0 psig (115.1 kPa) in the 105 
building and the regular steam vent opens (Figure 4.8). Due to 
the large blowdown, the pressure continues to increase until 
the relief capacity of the vents matches the blowdown. The 
pressure in the 109 building peaks at t = 10.5 s at 3.41 psig 
(124.8 kPa) (Figure 4.3). which is below the design pressure of 
5 psig (136 kPa) for the primary confinement. The pressure 
drops rapidly after the peak due to continued venting. Further 
reduction of the pressure and temperature occurs due to spray 
injection at t = 44.4 s in the 109 building and t = 44.7 s in 
the 105 building; spray injection results in substantial steam 
condensation which causes the pressure to go subatmospheric at 
t = 76 s .  The larger negative pressure in the 109 building 
results in closure of seven of the eight 105-109 cross-vents at 
t = 112 s (Figure 4.4). 

4-1 



UNI-4 4 3  1 

The regular steam vents begin closing at t = 150 s and are 
completely closed by t = 175 s (Figures 4.6 and 4.8). The 
pressure eventually goes below -.25 psig (99.6 kPa) at t = 183 
s resulting in the vacuum breakers opening in both the pipe 
gallery and the reactor building (Figures 4.9 and 4.10). At t 
= 205 s, the confinement exhaust valves open, allowing inflow 
through the filter building (Figure 4.11). The’ special steam 
vent begins closing at t = 205 s and is completely closed by t 
= 220 s (Figure 4.7). At about t = 375 s in the 105 building, 
t = 430 s in the 109 building, the vacuum breakers reclose as 
the flow through the filter building is now adequate to keep 
the buildings pressurized (Figures 4.9 and 4.10). 

4.3 Long-Term Behavior 

Hydrogen production first becomes significant at about t = 160 
s. It peaks at t = 832 s and then declines out to t = 13,000 s 
where the calculation ends. The original NUSAR hydrogen source 
went to 7 , 2 0 0  s and was linearly extended until the rate was .5 
scfs by UNC. Figure 4.12 shows the hydrogen source rate and 
Figure 4.13 the integrated hydrogen injection. 

At about t = S O 0  6, air flow from the outside is entering 
through the filter building into the 105 building and then into 
the 109 building due to fhe steam condensation. Very little 
hydrogen is, therefore, transported into the reactor building 
until late in time when, due to the source term and reduction 
in condensation, the flow reverses and a small outflow out of 
the filter building results in a slow transport of hydrogen 
into the reactor building starting at about t = 7,300 s (Figure 
4.14). Maps of the junction flow directions at 3,000 and 
10,000 s are shown in Figures 4.15 and 4.16. 

By examining Table 4.1, one can see that, initially, 
differentials exist in hydrogen concentrations between the 
source volume and other volumes in the pipe gallery. Later, 
recirculation l oops  are established that mix the region 
uniformly in about 3,000 seconds, with the exception of the 
pressurizer penthouse (see Figures 4.15 and 4.16). Very little 
hydrogen is transported into this dead-ended region since only 
one junction connects it to the other volumes and no 
recirculation loops can form. This is probably not correct and 
is a likely result of inadequate nodalization. Even if the 
volume mixed, it would not significantly change the results. 
Figure 4.17 shows the hydrogen concentration in the source 
compartment (volume 8). 

Figure 4.18 and Table 4.1 show that hydrogen from the pipe 
gallery is transported into the steam generator and auxiliary 
cells due to recirculation loops formed by the ducts at the top 
of the cells and the sumps and auxiliary cell door lower down. 
The sumps do not fill during the blowdown and, even if the sump 
pumps do not operate, the sprays do not completely fill the 
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sumps until near the end of the run when all flow through the 
sumps would cease. A recirculation loop exists, therefore, 
that transports hydrogen into volume 14 (Figures 4.15, 16 and 
19). If  the pumps operated, the sump junctions would remain 
open since the pumps have enough capacity to balance the spray 
flow. 

In either case, the hydrogen in the cells would be uniformly 
mixed with the pipe gallery by the end of the run at t = 13,000 
8 .  

Table 4.1 shows the hydrogen concentrations for all of the 
compartments at selected time intervals. No flammable mixtures 
occurred in any volume, due to the small quantity of hydrogen 
involved and the relatively rapid mixing. 
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Table 4.1 

HYDROGEN CONCENTRATIONS FOR CASE 1 

TIME'(S) 
-._- VOLUME 600 800 1504 3028 6026 13001 

1 0 0 0 0 0 .0003 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0 

.OOOl 

.OOOl 

.0008 

.0009 

.OOOl 

.0038 

.0015 

. O O O l  

.0002 

0 

.0011 

.0022 

.0017 

.0025 

.0025 

.0135 

.0024 

.0029 

. 0 0 8 9  

0 

.0058 

.0063 

.0063 

.0066 

.0064 

.OlOO 

.0066 

.0064 

.0090 

0 

.0094 

.0097 

.0097 

.0098 

.0097 

.0115 

.0098 

.0096 

,0110 

0 

.0133 

.0135 

.0135 

,0135 

-0136 

.0149 

.0135 

.0134 

.0143 

.0024 

,0179 

.0178 

.017 8 

.0177 

.0178 

,0180 

.017 8 

.0178 

.0181 

12 .0002 .0012 .0065 .0097 .0134 .0177 

13 0 0 .0003 .0005 .0006 .0010 

14 -0002 . O O l O  .0056 .0092 .0129 .0167 

15 0 0 0 0 0 0 
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Figure 4.2b. Total Steam Injected (Cont.) 
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Figure 4.8. Case 1 Regular Steam Vent’Area in 105 (500 s) 

4-14 



UNI-4431 

v M cv 8 4  0 m . I 

0 

n u3 
0 

OD 

0 0 0 0 0 0 0 

[ZxxW) DaJU Y D a l  ”)UaUU?D?UO3 

Figure 4 . 9 .  C a s e  1 Vacuum B r e a k e r  A r e a  in 1 0 9  ( 5 0 0  s) 

4-15 



UNI-4 4 3 1 

- 
( 
\ 

/ 

U 
T 

Q 
CI 
c 
c 
a 
K 
c 
I: 

L 
C 

c 
U 
a 
L 

c 

\ 

-w 

co Ln v 
0 0 0 

. M cv 4 0 

0 0 0 0 

Figure 4 . 1 0 .  C a s e  1 V a c u u m  Breaker A r e a  in 1 0 5  ( 5 0 0  s) 

4-16 



UNI-44 3 1 

. 
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5. RESULTS FOR PARAMETRIC CALCULATIONS (CASES 2-9) 

5.1 Introduction 

As pointed out in Section 1, separate extensive efforts are 
underway to: 1) identify possible severe accident sequences, 
2) characterize the progression of these accidents, and 3 )  
predict the rate and quantity of hydrogen production. In order 
to obtain some preliminary information on hydrogen release 
scenarios, UNC asked Sandia to analyze variations of the 
hypothetical accident originally analyzed in their NUSAR. 

In this chapter, we will describe the results of twelve 
parametric calculations done to investigate the effects of 
sprays (on/off). sump pumps (on/off), source location (pipe 
gallery, front pipe barrier space, pressurizer penthouse, and 
steam generator cells 4 and 61, source strength (twice NUSAR), 
and nodalization. 

5.2 Case 2 

Case 2 was an investigation of how changes in the hydrogen 
source term would affect overall hydrogen concentrations. For 
these calculations, the hydrogen source rate was selected to be 
twice the original NUSAR hypothetical accident. 

The 15-volume model with the source at the cold leg manifold 
was used to analyze this case. Except for the doubled hydrogen 
rate, all other parameters were the same as in the base case. 

5.2.1 The First 500 Seconds 

Since the steam and water sources were unchanged, the 
confinement response was identical to the base case (Section 
4 . 2 )  during the blowdown. At the end of 500 seconds, a 
filtered release configuration has been established (although 
flow is still into the building at that point) and confinement 
sprays are on. 

5.2.2 Long-Term Behavior 

Hydrogen production first becomes significant after the end of 
the blowdown at about t = 160 s. It peaks at t = 832 s and 
then declines out to t = 13,000 s, where the calculation ends. 
Figures 5.1 and 5.2 show the hydrogen source rate and 
integrated hydrogen injection, respectively. 

As in the base case, for the first few hours flow is entering 
into the 105 building, from the filter building, and then 
entering into the 109 building, due mainly to steam 
condensation. Very little hydrogen is, therefore transported 
into the reactor building until late into the accident when, 
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due to the source term and reduction in condensation, the flow 
reverses and a small outflow is established into the 105 
building and then out through the filtered release path. This 
reverse flow begins at about t = 7,000 s ,  but significant 
hydrogen is not transported into the 105 building for some 
time. By the end of the calculation, no noticeable 
concentration of hydrogen has appeared in the filter building. 
This is an identical result to the base case. 

The hydrogen transport in the 109 building is also similar to 
the base case, except for the larger quantity of hydrogen. By 
examining Table 5.1, one can see that significant differentials 
exist in the hydrogen concentrations in the pipe gallery and 
steam generator cells until the source term decreases 
sufficiently to allow the recirculation loops to mix the 
hydrogen relatively uniformly by about 3,000 s .  After that, 
the concentrations remain uniform in the pipe gallery and steam 
generator and auxiliary cells until the end of the 
calculation. As before, not much mixing occurs between the 
pipe gallery and the pressurizer penthouse because it is a 
dead-ended volume. Figures 5.3 and 5.4 show the hydrogen 
concentrations in the source volume and steam generator cells, 
respectively. Table 5.1 shows the hydrogen concentrations at 
selected times for all volumes. No flammable mixtures occurred 
in any volume. 

5.3 Case 3 

Case 3 was the first case analyzed using the 38-volume model. 
We used the same source terms as in Case 2 (twice the NUSAR 
hypothetical accident for hydrogen). This case was run to 
determine what effects more detailed modeling would have on the 
hydrogen transport. 

5.3.1 The First 500 Seconds 

The initial part of the accident progressed almost identically 
to the 15-volume case. The peak pressure generated during the 
blowdown and the operation of all junctions and leaks were the 
same as in the first two cases except for the vacuum breakers. 
In this case, the vacuum breakers in the 105 building opened at 
t = 200 s instead of t = 183 s and both sets closed earlier 
(about t = 340 s instead of t = 380 s in the 105 building and 
at t = 380 s instead of t = 430 s in the 109 building). The 
blowout hatches on top o f  the pipe barrier spaces open at t = 
90 s because of the way heating from the front and rear reactor 
faces was modeled. These hatches are not modeled in the 
15-volume case, and made little difference in this case. 

5.3.2 Long-Term Behavior 

The transport of hydrogen in the pipe gallery and steam 
generator and auxiliary cells was almost identical to Case 2. 
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of the run, the hydrogen concentration is virtually 
the whole 109 building, except of course for the 
penthouse where there is little mixing. This shows 

that the effect of lumping the steam generator and auxiliary 
cells into one volume is not very large and that the vertical 
circulation through the sumps and ducts dominates the mixing 
from the pipe gallery to the cells. 

Because of the finer nodalization in the reactor building, 
circulation patterns are set up which promoted more mixing than 
in the 15-volume model, where there were only two volumes. The 
hydrogen does not begin to get into the reactor building until 
flow reverses at around 7,000 s and the amount of hydrogen 
transported into the 105 building remains small. The 
concentrations in the rear volumes where the hydrogen first 
enters are slightly higher than in the front. Some hydrogen is 
beginning to leave the confinement through the filtered release 
path earlier than in Case 2 due to this more vigorous mixing. 

Table 5.2 shows the hydrogen concentrations at selected times 
for all 38 volumes. N o  flammable mixtures occurred anywhere in 
confinement. 

5.4 Case 4 

For Case 4 ,  the source location was moved to the front pipe 
barrier space (Volume 163. Case 4 and all subsequent cases 
except Case 10 also use the 38-volume model. The steam and 
hydrogen source rates were the same as used in Case 1 (i.e., 
the extended NUSAR hypothetical accident). For this particular 
location, the steam rate, which is for a large break, is 
probably inappropriate since there are not any pipes this large 
in the pipe barrier space. This source will be conservative in 
its predictions of peak pressure during the blowdown. Since 
accidents at this location have not yet been analyzed, it is 
difficult to tell if this would be conservative for the 
hydrogen rate. 

We reached a temporarily flammable mixture in the source 
compartment in this case. A second run was performed in which 
we burned the hydrogen when it reached its peak concentration 
(Case 4b) at 1000 s .  

5.4.1 The First 500 Seconds 

By comparing Figures 5.5 and 5.6, we see that within the 105 
building, the pressure exceeds 2.0 psig (115.1 kPa) before 
pressure in the 109 building even reaches 1.5" wg (101.7 kPa). 
The hatches on the pipe barrier space blow out almost 
immediately. A t  t = 0.1 s the pressure is 2 "  wg (101.8 kPa) 
and the 105 building isolates and the confiner circuit timers 
are actuated. At t = 0.18 s ,  the 105 sprays are actuated at 
10" wg (103.8 kPa) (flow starts at t = 44.18 s ) .  At t = 0 . 3 3  s ,  
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the special steam vent blows open at 1.25 psig (109.9 kPa) and 
at t = 0.48 s, the regular 105 steam vent blows open at 2.0 
psig (115.1 kPa) . At t = 0.568 6, the closed cross-vents to 
the 109 building blow out at 2.25 psid (15.5 kPad). Lagging 
the 105 building, at t = 0.7 s the 109 building isolates at 2" 
wg (101.8 kPa) . The 109 sprays actuate at 10" wg (103.8 kPa) 
at t = 1.05 s (flow begins at 45.059 8 ) .  The regular 109 steam 
vents blow open at 2.0 psig (115.1 kPa) at t = 3.93 s. 

Because the cross-vents and steam vents were not designed to 
handle such a conservative steam source as this, at about t = 
10 s the pressure increases up to 7.0 psig (149.6 kPa) in the 
reactor building while remaining below 2.3 psig (117.2 kPa) in 
the pipe gallery. After this, the pressure subsides, due to 
continued venting, and later, as a result of condensation and 
sprays, goes below atmospheric. The vacuum breakers open at 
about t = 192 s and reclose at about t = 420 s when the filter 
building flow (vent opened at t = 205 s) is sufficient to 
maintain pressure by itself. As in the other cases, the 
regular steam vents reclosed at about t = 150 s and the special 
steam vent at t = 205 s when the filter vents opened. 

As discussed above, the blowdown rate is very conservative. In 
addition to reaching 7.0 psig (149.6 kPa) in the reactor 
building as a whole, the pressure in the pipe barrier space 
peaked at 9.9 psig (169.6 kPa) (Figure 5.7). A smaller pipe 
break size would lead to a smaller but longer blowdown which 
would result in smaller peak pressures. Also, we did not model 
the banana wall which would begin to relieve pressure above the 
confinement design pressure of 5 psig (136 kPa). 

5.4.2 Long-Term Behavior 

As in the previous cases, hydrogen injection becomes 
significant at t = 160 8 .  The source peaks at t = 832 s and 
decreases after that. The hydrogen concentration peaks out in 
the pipe barrier space at 6.5% at t = 1000 s. After this, the 
concentration decreases and then begins a very slow rise to the 
end of the calculation at t = 10,000 s. 

There are large flow loops set up in the reactor building which 
mix the hydrogen very well outside of the pipe barrier space, 
although the concentrations are slightly higher in the rear 
than in the front. When the steam vents close at t = 1506, the 
109 building becomes a dead-ended volume but, due to the steam 
condensation and the cross-vents, some hydrogen is transported 
into the building. This flow is larger than in the previous 
case where the source was in the pipe gallery and there was 
little interchange with the 105 building until late in the 
calculation. Because all eight cross vents are blown open, 
more recirculation occurs. Concentrations in the 109 building 
remain about one-tenth of those in the 105 building, but the 
building is fairly well mixed after about 3,000 s. 
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Flow is in through the filter vent until about 7 , 0 0 0  s, but 
after that, a very small positive outflow is established 
(Figure 5 . 8 ) .  Table 5.3 shows the hydrogen concentrations at 
selected times for all volumes. 

5.4.3 The Hydrogen Burn (Case 4b) 

This run was identical to the original Case 4 'except that a 
burn was initiated in the source compartment (volume 16) at t = 
1.000 s when hydrogen concentration peaked at 6.5% (Figure 
5.9). The amount of hydrogen burned was about 3kg and the burn 
did not propagate to any other volume. Almost no pressure 
spike was observed anywhere in confinement due to the small 
amount burned (Figures 5.10 and 5.11), and the pressure relief 
to the other compartments. The pressure relief occurs because 
the burn is relatively long for the compartment involved (12 
s). The temperature transient was more severe (Figure 5.12 and 
Figure 5.13). A small flow out through the filter building 
occurs for about 30 s and then the hydrogen concentration in 
the source compartment begins increasing again. The concentra- 
tion may reach flammable limits again, but the result would be 
much the same. 

5.5 Case 5 

In Case 5, the source was located in the pressurizer penthouse 
on top of the 109 building. Both the steam and hydrogen 
sources are the extended NUSAR hypothetical accident sources 
used in the base case. 

5.5.1 The First 500 Seconds (Case 5) 

In general, the pressure response and the operation of all the 
junctions and vents were the same as in the base case. The 
peak blowdown pressure was slightly higher (126.0 vs. 1 2 4 . 7  
kPa) due to the smaller volume into which the source was 
injected. 

5 . 5 . 2  Long-Term Behavior (Case 5 ) .  

As can be seen in Figure 5 . 1 4 ,  the initial blowdown clears the 
penthouse volume of oxygen. Later, as the steam begins to 
condense, a small amount of oxygen is drawn back in from the 
pipe gallery. The hydrogen source, however, is sufficient to 
replace the steam condensed and the oxygen concentration peaks 
out at less than 3.5% before decreasing back to 2% for the rest 
of the calculation. The hydrogen concentration in the 
penthouse increases rapidly, reaching 10% at about 800 6 ,  5 0 %  
at about 3,000 s, and 70% at the end of the calculation. For 
much of the calculations, the hydrogen would be at detonable 
concentrations except for the fact that the volume is initially 
steam inert and later oxygen inert. 
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Outside of the penthouse in the rest of the 109 building, the 
hydrogen is well mixed because of the flows generated by about 
1.500 6. The final concentrations are much less than in the 
base case (about one eighteenth of the base case) everywhere 
except for the penthouse because the hydrogen is trapped 
there. Almost no hydrogen is transported into the reactor 
building until very late in the calculation when trace amounts 
are just beginning to appear. Table 5 . 4  shows’ the hydrogen 
concentrations at selected times for all volumes. 

One must be very careful in drawing conclusions from this 
case. We know that, because the penthouse is a high, 
dead-ended volume into which we are injecting hot hydrogen, we 
should expect higher concentrations here than elsewhere in the 
pipe gallery. However, the junction linking the penthouse to 
the rest of the pipe gallery is modeled in HECTR as a single 
two-way flow junction. HECTR will only model flow in one 
direction at a time in a junction so ,  even if this is a fairly 
large junction (all of the bottom of the penthouse, 28’ x 35’). 
no circulation will occur. As long as the hydrogen source is 
not sufficiently larger than the condensation rate, hydrogen 
will accumulate in the penthouse. Because of condensation and 
any recirculation which could be expected to OCCUK, some oxygen 
might be expected to reenter the penthouse. No sprays exist in 
the penthouse (they are only in the main pipe gallery) to help 
promote mixing with the rest of the pipe gallery. Depending on 
rates of mixing, we have the possibility of local burns or even 
detonations in small or large portions of the penthouse 
volume. Some future calculations are planned, using a more 
detailed nodalization, to compare with COBRA-NC calculations. 

5.6 Case 6 (6S, 6NS. 68) 

For Case 6, the postulated accident was assumed to occur in 
steam generator cell 6 (volume 30). The extended NUSAR 
hypothetical source was used as in the base case. A steam 
generator cell was chosen because the limited volume and flow 
paths to the rest of the 109 building could result in 
significant hydrogen buildup in the cell. Cell 6 was chosen 
because the wall separating the extension from the main pipe 
gallery would also affect circulation patterns. 

Two cases were originally chosen. In Case 6 s .  the sump pumps 
would operate as designed and pump down the cell sump after the 
initial blowdown, reestablishing gas circulation through the 
sump. In Case 6NS, the sump pumps would not operate and the 
blowdown would block the sump. For Case 6NS. flammable 
concentrations of hydrogen were formed in the source cell and a 
burn calculation was performed (Case 6B). 
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5.6.1 Case 6s 

"- 

In this case, two sumps were modeled: the first was the sump 
for cell 6 only, and the second was the sumps for the other 
five cells. The blowdown would completely fill the sump for 
cell 6 and partially fill the other sumps. The spray was 
apportioned to fall into the correct sump. 

5.6.1.1 The First 500 Seconds 

The pressure transient was similar to that of the base case 
(Figure 5-15), except that the peak pressure generated in the 
steam generator cell was higher (129.1 kPa vs. 124.7 kPa) due 
to the smaller volume into which the source was initially 
injected and the restrictive flow junctions to the pipe 
gallery. Except for the sumps, all other junctions and vents 
operate as in the base case. The sump for cell 6 fills almost 
immediately and the sump pumps start and remove 300 gpm. The 
Other sumps fill about to the one-third level and their pumps 
also start. 

5.6.1.2 Long-Term Behavior 

After the blowdown, a condensation-induced flow in through the 
filter and 105 buildings is established, as in the base case. 
This condensation and inflow inhibits the flow from the cell 
and a peak in the hydrogen concentration occurs at about 3.6% 
at 1,200 s in cell 6 (Figure 5.16). After this, the sump 
reopens (Figure 5.17) slowly due to the pumps in time to create 
sufficient circulation to transport the hydrogen into the rest 
of the 109 building. The hydrogen first mixes uniformly in the 
pipe gallery (about 3,000 s.) and then later in the other steam 
generator and auxiliary cells (by the end of the calculation at 
10,000 s ) .  Very little hydrogen is transported into the 
reactor building until flow reverses late into the accident. 
Table' 5.5 shows the hydrogen concentrations at select times for 
all the volumes. 

5.6.2 Cases 6NS and 6B 

These cases are identical to Case 65 except that the sump pumps 
do not operate. This means that the sump for cell 6 fills 
initially and does not reopen. 

5.6.2.1 The First 5 0 0  Seconds (Cases 65 and 6B) 

The first 500 seconds are identical to Case 6s except for the 
cell 6 sump being full. 

5.6.2.2 Long-Term Behavior 

The effect of the sumps is dramatic and shows up clearly in 
Figure 5.18. The steam condensation in cell 6 draws oxygen 
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back into the cell, and this keeps the hydrogen in the cell. 
The lack of any flow through the full sump prevents circulation 
flow from developing, and the hydrogen concentration increases 
monotonically reaching 17% at 9,000 6. (As mentioned 
previously, preliminary COBRA-NC results show that the modeling 
of the large ducts may not be adequate in this case and a more 
detailed 65-volume model was constructed and used in case 10.) 
Some hydrogen is then beginning to enter the pipe gallery as 
the source compensates for the reduced condensation, creating 
an outflow from cell 6. At this time, the mixture is flammable 
and is close to detonatable. 

In Case 6B, we initiated a burn at 9,000 s which lasted about 
12 seconds (very slow due to the high steam concentration). 
The peak pressure was about 117 kPa (Figure 5-19), which was 
less than the peak during the blowdown (129.1 kPa). The 
temperature, however, reached 1212 K (Figure 5.20). This burn 
pushed sufficient hydrogen into volume 19 to allow the burn to 
propagate into that volume. The pressure in this compartment 
also peaked at 117 kPa and the temperature reached 1193 K. 
During the burn, the filter building confinement exhaust valves 
closed when the pressure exceeded 15" wg (105 kPa) and then 
reopened when the pressure dropped below 3" wg (102 kPa) as 
shown in Figure 5.21. 

After the burn, hydrogen has been pushed into both the 105 and 
109 buildings and is uniformly mixed in each building with the 
concentration in the 105 building (,18%) about half that in the 
109 building (.48%). The hydrogen and oxygen concentrations in 
the source volume are increasing, and another burn could occur 
later. Table 5.6 shows the hydrogen concentrations at selected 
times for all volumes. 

Before the initial burn, the mixture is nearly detonable. 
Lower concentrations (-13%) of dry hydrogen have been detonated 
[19]. The high steam concentration in this case may inhibit 
detonation, but there are significant uncertainties in 
detonation predictions. Also, the flame propagation speed 
model in HECTR is fairly simple and, if the burn proceeded 
significantly faster due to flame acceleration, the peak 
pressure could be substantially higher (the burn would need to 
proceed about five times faster before substantially higher 
pressures would occur). 

5.7 Case 7 

In Case 7, we moved the source to steam generator cell 4 which 
opens directly into the pipe gallery. All conditions are 
similar to Case 6s with the sump pumps operating as designed. 
The results were identical to Case 6s. If the pump did not 
work, the results would be similar to Case 6NS and Case 6B. 
This would be true of a break in any steam generator cell for 
this accident scenario. 
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5.8 Case 8 

*- 

Case 8 has the same initial conditions as Case 3 (i.e., a 
38-volume model with the extended NUSAR sources in volume 2 4 ) .  
except that the sprays are turned off. The results are very 
similar to that case; however, the pressures and temperatures 
remain slightly higher. The steam concentrations remain higher 
since the sprays are not inducing condensation. The flow 
reversal with outflow from the filter building occurs about 
2 , 0 0 0  s earlier in this case than that with the sprays as the 
source compensates for the residual condensation much earlier. 
Table 5.7 shows the hydrogen concentration at selected times 
for all volumes. 

5.9 Case 9 

Case 9 was identical to the base case except that the hydrogen 
source term was exponentially extrapolated out to 18,000 s .  
This was done to examine the long-term behavior of the hydrogen 
in the confinement. As shown in Figures 5.22 and 5.23 and 
Table 5.8, the hydrogen concentrations level out in the 109 
building due to the outflow through the filter building and the 
decreasing source. Concentrations are still increasing in the 
105 building, but should always remain below those in the 109 
building. 

5.10 Case 10 

Case 10 is a reanalysis of case 6NS using a 65-volume model. 
The postulated accident was assumed to occur in the lower 
corner of steam generator cell 6 (volume 28). The source term 
was the same as case 6NS and the sump pumps do not operate. 

5.10.1 The first 500 Seconds 

The first 500 seconds were identical to the case 6NS results 
with the sump being filled and the lower junctions to the pipe 
gallery extension, therefore, blocked. 

5.10.2 Long-term Behavior 

The more detailed nodalization and the subdividing of the ducts 
into six junctions results in significantly more mixing between 
the steam generator cell and the pipe gallery than in case 6 
N S .  The hot steam and hydrogen rise towards the rear of the 
steam generator cell and flow out through the upper level into 
the pipe gallery. There, the sprays condense the steam and 
lower the temperature. The gases sink down and some flows back 
into the steam generator cell through the lower level of the 
duct junctions; the rest flows out into the main pipe gallery 
where it is cooled further. A flow pattern is set up in the 
pipe gallery where gas flows from the extension into the upper 
pipe gallery, then down and back into the lower part of the 

5-9 



UNI-44 3 1 

extension. This results in more flow into the steam generator 
cell through the lower duct junctions. The flow is also into 
the top of the other steam generator and auxiliary cells and 
out the lower junctions. Figure 5 . 2 4  shows the general flow 
pattern set up after 800 seconds. 

Figures 5 . 2 5 ,  26  and 27 show the hydrogen concentration with 
time for the source cell (volume 2 8 ) ,  an upper level cell in 
the pipe gallery extension (volume 2 5 ) ,  and a middle level cell 
in the pipe gallery (volume 22). These show that hydrogen is 
drawn out of steam generator cell 6 at the top level, mixes 
into the main pipe gallery area and other steam generator and 
auxiliary cells, and then flows back into steam generator cell 
6 through the lower duct junctions. The result is that, after 
some time lapse, the hydrogen is fairly uniformly mixed in the 
109 building with slightly higher concentrations in the steam 
generator cell, then in the upper level of the pipe gallery 
extension, and least in the pipe gallery and other steam 
generator cells. 

The results show that with adequate nodalization HECTR can 
predict similar results to COBRA-NC for cases where the flows 
are dominated by temperature (density) and condensation effects. 
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TABLE 5.1 
HYDROGEN CONCENTRATIONS FOR CASE 2 

TIME(S) 
VOLUME 6 0 0  8 3 4  1508  3 0 1 4  6077  1 3 0 0 0  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

14 

1 5  

0 

0 

.0003 

. 0 0 0 3  

- 0 0 1 2  

.0018 

. 0 0 0 3  

.008 2 

. 0 0 3 0  

. 0 0 0 3  

.0004 

, 0 0 0 3  

0 

.0004 

0 

0 

0 

. 0 0 3 7  

. 0 0 6 7  

- 0 0 6 2  

. 0 0 4 8  

.0070 

. 0 2 0 0  

. 0 0 5 6  

. 0 0 7 3  

. o l e8  

. 0 0 6 6  

. O O O l  

. 0 0 2 6  

0 

0 

0 

.0118 

. 0 1 2 8  

. 0 1 2 8  

. 0 1 3 2  

. 0 1 2 9  

.o le8  

. 0 1 3 2  

- 0 1 3 0  

-0180  

. 0 1 3 3  

-0005 

. 0 1 1 2  

0 

0 

0 

. O l e 7  

. 0 1 9 3  

. 0 1 9 3  

. 0 1 9 5  

. 0 1 9 4  

. 0 2 2 7  

, 0 1 9 6  

- 0 1 9 4  

. 0 2 2 1  

- 0 1 9 6  

. 0 0 0 9  

. 0 1 8 4  

0 

0 

0 

. 0 2 6 6  

. 0 2 7 3  

. 0 2 7  1 

. 0 2 7 0  

- 0 2 7  3 

- 0 2 9 7  

. 0 2 7 1  

- 0 2 7 1  

- 0 2 9 0  

. 0 2 7 0  

- 0 0 1 2  

. 0 2 6 0  

0 

. 0 0 0 6  

. 0 0 5 4  

. 0 3 5 6  

- 0 3 5 5  

, 0 3 5 4  

. 0 3 5 3  

- 0 3 5 5  

- 0 3 5 9  

. 0 3 5 4  

. 0 3 5 4  

. 0 3 6 0  

. 0 3 5 3  

* 0 0 2 0  

. 0 3 3 3  

0 



VOLUME 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22  
23  
2 4  
25  
26  
27 
28 
2 9  
3 0  
3 1  
32  
33 
34  
35 
36 
37 
38 

TABLE 5 . 2  
HYDROGEN CONCENTRATIONS FOR CASE 3 

UNI-4 431 

TIME(S) 
6 0 2  8 0 2  1 5 0 6  3028 6036  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 0 0 0 3  

. 0 0 0 7  
, 0 0 0 6  
.0005 
.0009 
. 0 0 7 9  
, 0 0 2 3  
.0011 
. 0 0 2 6  
.OOlO 

. O O O l  

. 0 0 0 4  
-0004 
. 0 0 0 2  
.0005 
.0005 
.0005 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 0 0 2 4  
, 0 0 5 2  
. 0 0 4 7  
. 0 0 3 1  
. 0059  
. 0 2 3 4  
. 0 0 8 1  
. 0 0 6 5  
. 0 1 2 9  
. 0 0 3 8  
. O O O l  
. O O l O  
. 0 0 2 8  
. 0 0 2 8  
. 0 0 1 2  
. 0 0 2 1  
. 0 0 2 0  
. 0 0 2 0  
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 0 1 1 6  

. 0 1 4 2  

.0140 

. 0 1 3 4  

. 0 1 4 3  

. 0 2 6 5  

.0155 

. 0 1 4 4  

. 0 1 7 7  

. 0 1 2 4  

.0005 

. 0 0 9 8  

. 0 1 3 1  

. 0 1 3 1  

. 0 0 6 2  
- 0 1 0 7  
. 0 1 0 7  
. 0 1 0 7  
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. O l e 3  

. 0 1 9 3  
, 0 1 9 2  
. O l e 6  
. 0 1 9 4  
. 0 2 8 7  
. 0 2 0 4  
. 0 1 9 4  
. 0 2 1 5  
. o l e 9  
.0009 
. 0 1 7 4  
. O l e 6  
. O l e 6  
. 0 1 9 7  
. o l e o  
.o leo  
. 0 1 8 0  
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 0 2 5 9  

. 0 2 7 0  

. 0 2 7 1  

. 0 2 7 3  

. 0 2 7 1  

. 0 2 9 7  

. 0 2 7 6  

. 0 2 6 4  

. 0 2 9 5  

. 0 2 7 4  

. 0 0 1 2  

. 0 2 5 0  

. 0 2 5 5  

. 0 2 5 5  

. 0 2 6 3  

. 0 2 6 2  

. 0 2 6 2  

. 0 2 6 2  
0 
0 

1 3 0 0 1  

. 0 0 2 5  

. 0 0 2 4  

. 0 0 2 6  

. 0 0 2 5  

. 0 0 2 6  

. 0 0 3 0  

. 0 0 4 0  

. 0 0 2 9  

. 0 0 3 1  

. 0 0 2 4  

. 0 0 2 4  

. 0 0 2 5  

. 0 0 3 9  

. 0 0 3 2  

. 0 0 3 2  

. 0 0 2 1  

. 0 0 3 5  

. 0 3 5 9  

. 0 3 6 1  

. 0 3 6 1  

. 0 3 6 2  

. 0 3 6 2  

. 0 3 6 5  

. 0 3 6 3  

. 0 3 6 2  
- 0 3 6 4  
. 0 3 6 3  
. 0 0 1 4  
. 0 3 2 7  
. 0 3 2 5  
. 0 3 2 5  
- 0 3 4 4  
- 0 3 3 4  
- 0 3 3 4  
. 0 3 3 4  
,0005 
. 0 0 2 5  

0 

5 - 1 2  



TABLE 5.3  
HYDROGEN CONCENTRATIONS FOR CASE 4 

TIME (SEC) 

UNI-4 4 3 1 

VOLUME 6 0 0  800 1500 3 0 0 0  6 0 0 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
15  
1 6  
17 
18 
1 9  
2 0  
2 1  
2 2  
2 3  
24  
2 5  
26  
27  
28  

30 
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
37 
38 

I 2 9  

.0017 

.0007 

. 0 0 0 3  

.0008 
-0005 
. 0 0 0 2  
. 0 0 0 4  
. 0 0 0 3  
* 0 0 0 2  
. 0 0 0 2  
. 0 0 0 2  
.0003 
. 0 0 0 2  
. 0 0 0 2  
. 0 0 0 2  
,0105 
. 0 0 0 2  
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.0001 

. 0 1 0 9  

. 0 0 5 4  

.0031 

. 0 0 0 6  

. 0 0 2 3  

.0017 

.0008 

.0011 
-0011 
-0111 
. 0 0 2 1  
. 0 0 2 4  
.0008 
.0008 
-0007 
. 0 5 2 5  
. 0 0 0 4  
0 
. 0 0 2 4  
. 0 0 5 2  
. 0 0 4 7  
. 0 0 3 1  
-0059 
. 0 2 3 4  
.0081 
. 0 0 6 5  
. 0 1 2 9  
.0038 
.0001 
. O O l O  
. 0 0 2 8  
. 0 0 2 8  
- 0 0 1 2  
. 0 0 2  1 
. 0 0 2 0  
. 0 0 2 0  
0 
0 

. 0 2 8 3  

. 0 1 9 9  

. 0 1 6 6  
, 0 1 2 4  
. 0 1 6 4  
. 0 1 4 3  
.0110 
. 0 1 3 1  
. 0 0 6 2  
- 0 1 4 6  
. 0 1 6 1  
. 0 1 6 3  
-0117 
. 0 1 2 3  
. 0 0 4 7  
- 0 4 9 7  
. 0 0 4 7  
0 
. 0 1 1 6  
. 0 1 4 2  
. 0 1 4 0  
. 0 1 3 4  
. 0 1 4 3  
. 0 2 6 5  
-0155 
. 0 1 4 4  
-0177 
. 0 1 2 4  
.0005 
- 0 0 9 8  
- 0 1 3 1  
. 0 1 3 1  
- 0 0 6 2  
.0107 
.0107 
.0107 

. 0 0 4 0  
0 
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. 0 2 8 0  . 

. 0 2 1 7  

. 0 2 0  

. 0 1 5 4  

. 0 1 9 2  

. 0186  

. 0 1 5 6  

. 0 1 6 6  

. 0 1 1 4  

. 0 1 8 9  

. 0 1 9 9  
, 0 1 9 9  
- 0 1 6 1  
.0163 
. 0 1 7 9  
. 0 3 5 9  
. 0 1 1 3  
0 
.0183 
. 0 1 9 3  
. 0 1 9 2  
. 0 1 8 6  
. 0 1 9 4  
. 0 2 8 7  
. 0 2 0 4  
. 0 1 9 4  
. 0 2 1 5  
. o l e 9  
. 0 0 0 9  
. 0 1 7 4  
.0186 
. O l e 6  
. 0 1 9 7  
.0180 
.0180 
-0180 

. 0 1 4 6  
0 

. 0 2 7 7  

. 0 2 4 8  

. 0 2 4 2  

. 0 2 0 3  

. 0 2 3 3  

. 0 2 2 9  
* 0 2 0 1  
. 0 2 1 5  
. 0 1 9 1  
. 0 2 7 6  
. 0 2 4 6  
. 0 2 4 2  
- 0 2 0 2  
. 0 2 0 3  
. 0 1 8 9  
. 0 3 8 6  
. 0 1 8 5  
0 
. 0 2 5 9  
. 0 2 7 0  
. 0 2 7 1  
- 0 2 7 3  
. 0 2 7 1  
- 0 2 9 7  
- 0 2 7 6  
. 0 2 6 4  
. 0 2 9 5  
. 0 2 7 4  
. 0 0 1 2  
- 0 2 5 0  
- 0 2 5 5  
. 0 2 5 5  
- 0 2 6 3  
. 0 2 6 2  
- 0 2 6 2  
. 0 2 6 2  

. 0 2 3 5  
0 

10000 

. 0 2 6 3  

. 0 2 5 5  

. 0 2 5 2  

. 0 2 2 2  

. 0 2 4 6  

. 0 2 4 6  

. 0 2 1 7  

. 0 2 2 8  
- 0 2 0 8  
. 0 2 6 2  
- 0 2 5 4  
. 0 2 5 1  
- 0 2 1 8  
. 0 2 1 7  
. 0 2 0 8  
- 0 3 7 8  
. 0 2 0 9  
0 
. 0 3 5 9  
. 0 3 6 1  
- 0 3 6 1  
- 0 3 6 2  
. 0 3 6 2  
- 0 3 6 5  
. 0 3 6 3  
. 0 3 6 2  
. 0 3 6 4  
. 0 3 6 3  
. 0 0 1 4  
- 0 3 2 7  
. 0 3 2 5  
- 0 3 2 5  
. 0 0 6 4  
. 0 0 6 3  
. 0 0 6 3  
. 0 0 6 3  
. 0 0 1 4  
. 0 2 4 7  
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VOLUME 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5  
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

TABLE 5.4 
HYDROGEN CONCENTRATIONS FOR CASE 5 

TIME(S) 
600 800 1504 3002 6005 10000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

.0194 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

. 0001 

.OOOl 

.0004 

.0954 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0004 
.0005 
.0005 
.0005 
.0005 
.0005 
.0005 
.0005 
.0007 
-0003 
.3281 
.0003 
.0004 ’ 

.0004 . 0001 
-0003 
.0003 
-0003 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0008 
.0008 
. O O l O  
.0010 
.0009 
.0011 
.OOlO 
.0009 
-0012 
.0008 
-4978 
.0007 
.0008 

-0006 
.0008 
.0008 
-0008 

. oooa 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0025 
.0027 
.0032 
,0029 
.0027 
.0031 
. 0 0 2 8  
* 002 1 
.0032 
.0020 
.6349 
.0022 
.0019 
-0019 
.0022 
.0019 
.0019 
.0019 
0 
0 

0 
0 
0 
0 
0 
0 
-0001 
0 
. O O O l  
0 
0 
0 
.OOOl 
.OOOl 
.0001 

-0001 

.004 1 

.0043 

.0045 

.0047 
,0043 
.0045 
,0047 
.0038 
.0052 
.0048 
.7073 
.0038 
.0036 
-003 6 
-0038 
.0044 
-0044 
,0044 

0 

0 

0 
0 
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TABLE 5.5 

HYDROGEN CONCENTRATIONS FOR CASE 6s 

TIME(S) 
VOLUME 602 802 1502 3000 6011 

1 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

.0002 

.0034 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0017 
.0003 
.0003 
.0002 
.0004 
.0003 
.OOOl 
. O O O l  
.0004 
.OOOl 

.0159 

.0002 

.0002 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-0103 
.0053 
.003 9 
.0036 
.0054 
.0028 
.0032 
. 0 0 5 5  
.0020 
.0021 

.0330 

.0044 

.0044 
-0003 
.0016 
.0016 
.0016 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0125 
.0091 
.0087 
.0084 
.0102 
. 0 0 8 8  
-0083 
.0112 
- 0 0 8 8  
.0068 

.0207 

.0109 

.0109 
-0043 
.0063 
.006 3 
.0063 

0 

0 
0 

0 
' 0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0154 
.0136 
.0135 
.0132 
.0139 
-0135 
.0119 
.0149 
-0146 
.0109 
.OOOl 
.0181 
.0146 
.0146 
.0114 
.0105 
.0105 
.0105 
0 
0 

10000 

.OOOl 

.OOOl 
* 0001 
,0001 
.OOOl 
.OOOl 
.0002 
. O O O l  . 0001 
.OOOl 
.OOOl 
-0001 
. O O O l  
* 0001 
-0001 
.0001 
0 
0 
.0172 
.0163 
.0162 
.0156 
.01d5 
.0162 
.0156 
-0170 
-0168 
.0156 
. 0001 
.0182 
-0168 
.0168 
.0147 
-0154 
.0154 
,0154 

-0001 
0 
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TABLE 5.6 

HYDROGEN CONCENTRATIONS FOR CASE 6B 

TIME(S) 
VOLUME 601 802 1507 3014 6038 8959 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

,0036 .0179 .0642 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

.lo25 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

.1442 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0004 
.OOOl 
* 0001 
,0001 
.0002 
.OOOl 
. O O O l  
.0003 
.0001 
0 
0 
.1718 
.0002 
.0002 
.OOOl 
0 
0 
0 
0 
0 

10000 

.0018 

.0018 

.0018 

.0019 

.0018 

.0018 

.0019 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0017 

.0013 

.0049 

.0049 

.0047 

.0047 

.0049 

.0047 

.0047 
-0052 
-0048 
-0047 
.0011 
.0208 
.0053 
.0053 
.0040 
. 0 0 4 5  
. 0 0 4 5  
,0045 
.0002 
-0018 

0 
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Table 5.7 

HYDROGEN CONCENTRATIONS FOR CASE 8 

TIME(S) 
VOLUME 601 801  1509 3019 6059 8967 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0001 
.0003 
.0009 
.0007 
.0004 
.004 1 
.0012 
.0004 
.0012 
.0005 
0 
0 
.OOOl 
. O O O l  
. O O O l  
.0002 
.0002 
.0002 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0011 
.0026 
.0022 
.0013 
.0031 
.0134 
.0048 
.0035 
.0072 
.002Q 

.0003 

.0011 

.0011 

. O O l O  

.0010 

.0010 

.OOlO 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0057 
. 0 0 8 6  
-0084 
.0079 
.0087 
.0155 
.0094 
.0087 
.0106 
.0068 
.0003 
,0038 
.0049 
.0049 
.0060 
.0055 
.0055 
.0055 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0089 
.0095 
.0111 
.0109 
.0105 
.0160 
.0113 
.0106 
.0115 
.0103 
.0006 
.0076 
.0099 
.0099 
.0102 
.0095 
.0095 
.0095 
0 
0 

0 
' 0  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.0134 
.0133 
-0159 
.0157 
.0142 
.Ole7 
.0157 
.0143 
.0149 
-0146 
.0008 
.0128 
,0138 
.0138 
.0136 
,0135 
.0135 
.0135 
0 
0 

.0004 

.0004 

.0005 

.0004 

.0004 

.0005 

.0016 

.0011 

.OOlO 

.0004 

.0004 

.0005 

. O O O l  

.0003 

.0004 
0 

0 
0 
.0161 
.0159 
.0182 
. o l eo  
.0162 
.01e7 
. o l eo  
.0167 
.0173 
.0173 
.0009 
.0157 
.0163 
.0163 
.0160 
.0168 
-0168 
.0168 

,0004 
0 



VOLUME 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Table 5.8 

HYDROGEN CONCENTRATIONS FOR CASE 9 

UNI-4 431 

TIME(S) 
1504 3018 6026 13001 15803 18000 

0 0 0 .0003 .0009 .0016 

0 0 0 .0024 ,0045 .0059 

. 0 0 5 8  .0094 .Of33 .0179 .0194 -0198 

.0063 .0097 .0135 ,0178 ,0195 -0197 

-0063 .0097 .0135 .0178 .0194 .0197 

-0066 .0098 .0135 .0177 .0194 .0196 

.0064 .0097 .0136 .0178 .0195 .0198 

. O l O O  .0115 .0149 .0180 .0198 .z000 

.0066 .0098 .0135 .0178 .0194 .0196 

.0064 .0096 .0134 .0178 .0193 .0195 

.0090 .0110 .0143 .0181 .Ol98 .0200 

.0065 .0097 .0134 .0177 -0192 .0194 

.0003 ,0005 ,0006 . O O l O  .0012 .0014 

-0056 .0092 .0129 .0167 .0175 .0177 

0 0 0 0 .oooo .OOOl 
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Figure 5.2. Double Total Hydrogen Injected 
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Figure 5.21. Case 6B Confinement Exhaust Valve Area 
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6. COMBUSTION RESPONSE IN THE 109 BUILDING 

"- 

The parametric calculations have shown that hydrogen may mix 
throughout the 109 building for many cases involving hydrogen 
releases there. For example, cases 1, 2, and 3 all predicted 
initial gradients within the 109 building that disappear within 
several hundred seconds as the hydrogen mixes. These cases 
also predicted that very little hydrogen would be transported 
into the 105 building during the first few hours due to inflow 
of air from the filter building through the 105 building and 
into the 109 building. Because of this predicted behavior, we 
decided that it would be useful to examine the effects of 
combustion in the 109 building, assuming a uniform mixture 
throughout the 109 building. 

These calculations were performed using the 5-compartment model 
previously discussed in Section 3.2.1. To reiterate, the 105 
building is divided into compartments 1 and 2, the pipe gallery 
is compartment 3, the steam generator cells and auxiliary cell 
form compartment 4 ,  and the filter building is compartment 5. 
In order to provide a somewhat conservative analysis, all leaks 
or vents to the outside atmosphere were assumed to be closed, 
including the junction between the reactor building and the 
filter building. Further, the sprays were inoperable for these 
calculations. 

In all cases, the initial pressure within confinement was 
assumed to be 101.3 kPa (1 atm.). The temperature in the 109 
building (compartments 3 and 4) was assumed to be 338.6 K 
(150°F), and the temperature in the 105 building (compartments 
1 and 2) was assumed to be 321.9 K (120OF). 100% humidity was 
also assumed. Hydrogen was specified to be present in 
compartments 3 and 4 in equal concentrations, but no hydrogen 
was specified to be initially present in compartments 1 and 2. 
For a given amount of hydrogen and with the steam concentration 
determined by the temperature and humidity, the nitrogen and 
oxygen concentrations were adjusted in each case to maintain 
the initial pressure at 101.3 kPa (1 atm.) in each compartment. 

Ignition was assumed to occur in compartment 3, with 
propagation into compartment 4 occurring at a later time. The 
default HECTR models were used for calculating propagation 
time, burn time, and burn completeness. These models are all 
described in Ref. 2. Unlike some of the assumptions discussed 
earlier, the HECTR burn models cannot be considered to be 
necessarily conservative. There is a significant amount of 
scatter in the experimental data for lean combustion, 
particularly with steam present, and these models produce 
reasonable, rather than bounding, values. Current evidence 
indicates that there are both conservative and nonconservative 
aspects of these models, and updated models are being developed. 
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The results are presented in Figures 6.1 through 6.3. Figure 
6.1 provides a comparison between the HECTR predictions, the 
confinement design pressure, and the adiabatic, isochoric, 
complete combustion (AICC) values. The AICC values represent 
theoretical limits, assuming that dynamic pressure responses 
are not observed. Dynamic pressures will usually only occur 
for rich mixtures that produce flame speeds above Mach 0.1. 
The HECTR predictions shown in Figure 6.1 are far below the 
AICC values. The most important reason that the.pressures are 
lower is that gas expansion into the 105 building occurs. 
Further, the burns are not adiabatic, with both convective and 
radiative heat transfer mechanisms at work. Finally, for burns 
below 8 %  hydrogen, the HECTR burn models predict incomplete 
combustion, ranging linearly from no combustion at about 4% 
hydrogen to complete combustion at 8% hydrogen. This accounts 
for the change in slope in the HECTR calculations at 8 %  
hydrogen. 

The most important modeling parameter in these calculations is 
the flame speed. HECTR calculates a flame speed that increases 
with hydrogen concentration and decreases with steam 
concentration. The burn time is determined by dividing the 
characteristic compartment dimension by the flame speed. The 
burn time determines the amount of time available for 
intercompartment venting and heat transfer. Venting not only 
allows gas expansion, but may also carry hydrogen to other 
compartments, where it may or may not participate in the 
combustion process. For all of the calculations presented 
here, the burns were of sufficient duration (several seconds) 
to allow pressure equilibration throughout the confinement. 
Relatively small amounts of hydrogen were pushed into the 105 
building; these quantities were insufficient to allow 
propagation into the 105 building. 

Figure 6.2 shows the HECTR calculations in more detail and 
using engineering units. Recall that these calculations 
assumed that the initial pressure was 101.3 kPa or 1 atm. In 
other situations the initial pressure may be different from 
this value. To a first approximation, the peak overpressure in 
other cases can be determined by assuming that the ratio of 
final to initial pressures is constant for a given percent 
hydrogen concentration. For example, at 5% hydrogen Figure 6.1 
indicates that the ratio of final to initial pressures is 
approximately 136/101.3 or 1.34. If the initial pressure were 
increased 6.9 kPa (1 psi), then the final pressure would be 
108.2 x 1.34 or 145 kPa (21.1 psia), and the peak overpressure 
on Figure 6.2 would be 44 kPa (6.4 psig). This approach should 
be considered very crude, as the heat transfer and gas flow 
characteristics will change for different gas mixtures. If a 
particular case is important, then a HECTR calculation should 
be performed; however, this approach does indicate the 
sensitivity of the results to the initial pressure. 
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Figure 6.3 shows the mass of hydrogen needed to produce the 
pressures shown in Figure 6 . 2 .  The abscissa of Figure 6.3 
corresponds to the percent values in Figure 6 . 2 ,  e.g., 5 5 8 . 6  
lbm corresponds to 5% mole fraction of hydrogen. Note that a 
given mass of hydrogen burned (the figure shows the mass 
initially present, which is greater than or equal to the amount 
burned) will result in a given pressure increment, whereas a 
given hydrogen concentration will result in a given final to 
initial pressure ratio. 

The results presented in this chapter should be used 
carefully. The calculations are useful for scoping purposes, 
but they do not represent any particular scenario. They do 
provide an indication of the mass of hydrogen that could be 
threatening to the integrity of the confinement in those cases 
where no venting to the outside occurs. While the sprays are 
not included in these calculations, they would have a modest 
impact on the results - probably 20% or less. The results 
indicate that combustion of quantities in the 109 building in 
the range of 500 - 700 lbm of hydrogen could threaten the 
confinement integrity. Given that this mass represents only 5 
- 6% hydrogen, it would appear that deliberate ignition as a 
sole mitigation scheme would be of limited value, as it would 
be very difficult to assure ignition before hydrogen 
concentrations of 5 - 6 %  were reached. 
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7. CONCLUSIONS 

It is very difficult to draw general conclusions regarding 
hydrogen transport and cornbustion in the N Reactor confinement, 
due to the complexities of the confinement geometry and the 
associated flow paths. These complexities tend to make the 
results scenario-specific. Thirteen calculations of hydrogen 
transport were completed, some of which included combustion. 
Additional calculations were performed to examine combustion 
effects in the 109 building. These calculations are not 
representative of all possible scenarios, but do provide 
numerous insights that can guide the initial evaluation of the 
potential importance of hydrogen and the development of 
mitigation strategies, if they are found to be necessary. 
These calculations should be considered in the context of the 
overall safety evaluation effort for the N Reactor, which 
includes other hydrogen analyses plus analyses to identify 
potential dominant accident sequences. For example, some of 
the sequences analyzed in this study may be shown later to be 
probabilistically unimportant. 

The calculations performed evaluated different compartmental- 
izations, several source locations, varying source rates, the 
effects of sprays, and the importance of operating the sump 
pumps in the 109 building. The 15 and 38 volume models 
produced similar results for releases in the pipe gallery; the 
differences would probably be more significant for other 
release locations. The 38 and 65-volume models predicted 
different results for releases within a steam generator cell. 
Significant accumulation of hydrogen in the cell, due to 
inadequate nodalization, was predicted in the 38-volume case. 
Hydrogen accumulation was predicted whenever the hydrogen was 
released into a dead-ended volume (the pressurizer penthouse, 
case 5). Varying the source rate by a factor of two had little 
effect, given a release into the pipe gallery. The sprays had 
modest effect for releases into the pipe gallery, with fairly 
rapid mixing occurring in either case. HECTR probably 
underestimates the mixing effects of the sprays, as turbulence 
and momentum effects are neglected. 

We can draw some important conclusions regarding hydrogen 
transport from our calculations. The initial blowdown purges 
most of the air in the confinement by pushing the gas out 
through the steam vents. Following the initial blowdown, 
condensation of steam results in inflow of air through the 
vacuum breakers and the filter building. This inflow appears 
to turn around after a few hours, if the hydrogen source rate 
becomes larger than the condensation rate. None of the cases 
produced much hydrogen transport between the 105 and 109 
buildings for the first few hours. Within each building, 
mixing was predicted to occur over a time frame of several 
hundred seconds with one important exception. Releases into 
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the pressurizer penthouse were predicted to produce hydrogen 
accumulation within that room. Hydrogen flow out of this 
compartment was minimal due to the low flow rates and the 
influence of condensation. In fact, the condensation rate was 
sufficient to bring some oxygen back into the compartment. 

The insights produced regarding hydrogen transport relate 
directly to potential combustion concerns. There are four 
potential combustion mechanisms to consider:. continuous 
burning (temperature effect), local deflagrations, global 
deflagrations, or local detonations. Continuous burning was 
not addressed in this study, but depends on the source rate and 
conditions and the availability of an ignition source. 

Calculations were performed that predicted mixtures that would 
sustain a local deflagration. These occurred for releases in 
the pipe barrier space or in a steam generator cell. A release 
in the pressurizer penthouse would also likely lead to locally 
flammable mixtures. The quantities of hydrogen released in the 
scenarios considered, 88 - 176 kg, are not sufficient to 
produce burn pressures above the confinement design limit of 
136 kPa (5 psig), even if no venting of the confinement takes 
place. These conclusions should hold true for any burn 
location, provided that the preburn pressure is not 
significantly above 1 atm and the burns are sufficiently slow 
to a l l o w  pressure equilibration throughout the confinement. 
Pressure equilibration should occur for burns that are a few 
seconds or longer in duration, as the junctions connecting the 
different compartments are all relatively large. 

Global deflagrations are those deflagrations that involve a 
significant fraction of the confinement volume, e.g., the 109 
building. In order to produce a global deflagration, 
significantly more hydrogen is needed than was assumed in the 
transport calculations presented in this report. 176 kg of 
hydrogen mixed throughout the 109 building does not produce a 
flammable mixture. lt is unlikely that any deflagration 
(global or local) produced as a result of these source term 
assumptions will threaten the confinement. 

While continuous burning or deflagrations would appear to 
provide little threat to the confinement for the cases 
considered, accelerated flames and local detonations are 
another matter. Such events could occur quickly enough to 
preclude pressure equilibration throughout the confinement and 
could also produce dynamic, as well as static, pressure loads. 
Detonations have been sustained in experiments with hydrogen 
concentrations as low as -13% and transition from a 
deflagration to a detonation has been observed a few percent 
higher 1191. 

The case involving the pressurizer penthouse predicted a very 
high hydrogen concentration; however, the penthouse was 
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predicted to remain oxygen inerted over the length of the 
calculation. There are several difficulties in drawing 
conclusions about this case. First, the nodalization was 
probably insufficient to deal with mixing between the penthouse 
and the pipe gallery. Secund, the calculation predicts large 
quantities of oxygen in the pipe gallery. Thus, we have 
oxygen-rich and hydrogen-rich regions located adjacent to one 
another. There is undoubtedly some mixing in the boundary 
region, and it is unlikely that flammable mixtures will not be 
formed at some point in time. Once combustion begins, induced 
gas flow will probably promote additional mixing between the 
two regions. In any case, a local detonation cannot be ruled 
out in this situation. 

To summarize, quantities of hydrogen greater than those assumed 
in these scenarios would have to be present for deflagrations 
to be a major concern. Accelerated flames and local 
detonations may be a concern for hydrogen released into 
dead-ended volumes. Significant uncertainties remain in our 
results, including 1) the likely magnitude of hydrogen release 
given different source locations and accident sequences, 2) 
the probability of hydrogen releases in different locations, 
3 )  the timing of ignition without a deliberate ignition 
system, 4 )  the inherent uncertainty in modeling gas transport 
with a lumped-parameter code, and 5 )  the likelihood of an 
accelerated flame or a local detonation in a given location 
with a given gas mixture. 
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A.l Introduction to Model Calculations 

In this appendix, we show the details of the calculation 
of the physical parameters in the model. Originally, a 
rough calculation was done and then this more detailed 
one. There are some differences between the 5, 15, and 
38-volume models as additional information was received 
and updated calculations were performed. We have 
attempted to note where any substantial difference 
occurred and why. None of these differences are large 
enough to make significant changes in the case results. 

The following are the thermal properties and conversion 
factors used in this analysis. The material properties 
are from reference 4. 

Thermal Properties in English Units 

Specific Heat 
Density Conductance Conductivity Heat Trans 

( P I  (C) (K) cP Coef (h) 

304 steel 501 9.4 26.2 ,127 .28 

concrete 146 1.05 1.38 .156 .28 

English 
Units btu btu btu btu 3 hr-ft2-OF hr-ft2-OF lbm-OF hr-ft2-OF 

K - 
4 = KA tl-t2 Ax = CA(tl-t2) a = pCP 

Conversion Factors 

BTU W 
= 5.6784 

m2-oC For C,h 1 
hr-f t2-OF 

For K 

For p 

P For C 

BTU W 
= 1.7308 'hr-f t - O F  

1 
ft3 

16.018 

J 

Kg-OC 
3 BTU 

= 4.1868XlO 'lbm-OF 
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1 lbm = 4.5359~10-1 Kg 

1 ft = .3048 m 

1 ft2 = -0929 m2 

1 ft3 = -02832 m3 

Thermal Properties in MKS Units 
C K P 

304 Steel 8.03~603 53.38 45.35 

Concrete 2.28~103 5.96 2.39 

UNI-4 4 3 1 

CP h 

531.7 1.59 

653.2 1.59 

Therefore, in MKS Units Concrete Steel 

653.2 531.7 

.9 .7 
cP 
C 

a 1.6E-6 1 O6E-5 

K 2.39 45.35 

Assumed emissivity based on standard types of steel and concrete 
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A.2 Calculation of Pipe Gallery Characteristics 

I 

8 

v .  

t I 
I 

n I 
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Compartments 21, 24, and 
27 are 5 ' + 5 0 ' + 5 '  = 6 0 '  
long 

Compartments 20, 23, and 
26 are 5 ' + 5 0 ' + 5 '  = 105' 

1) Basic Calculation 

Floor 
A f i  

5' 

A t )  

Section A-A 
Elev = 39.09'-3.5' -m -Elev  171~l135.95t = 39.45' 

= 35.59' 

ave. ceiling ht. = (35.95' + 35.59')/2 = 35.77' 

elevation of CL cold leg = -1.5' 

We will make compartments 20, 21, and 22 of detailed model 
(16'-1.5') = 14.5' high and divide the rest in half (16' + 
35.77'-14.5')/2 = 27.27'/2 = 18.635' 

Compartments 23, 24, 25, 26, 27, and 28 are 18.635' high 

a) Volumes 

Volumes 22 = 160' x 35'~14.5' = 81,200 ft3 

Volumes 25.28 = 160'~35~x18.635' = 104,356 ft3 

Volumes 21 = 60'~35'~14.5' = 30,450 ft3 

Volumes 24.27 = 6O'x35'x18.635' = 39,133.5 ft3 

Volumes 20 = 105'~35'~14.5' = 53,287.5 ft3 

Volumes 23.26 = 105'~35~x18.635' = 68,483.63 ft3 

-3.5' 
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Volumes 19 = 50'~35~~(35.77'+16~) = 908597.5 ft3 

Volumes 29 = 35'~26'~(83'9'~-35.77') = 43.661.8 ft3 

b) Areas of Concrete/Sump/Junctions 

Volume 19 

A,,mp = 510 ft2 

Aconc = 2 ~ 5 0 ' X 5 1 . 7 7 ' + 2 ~ 3 S ' X 5 1 . 7 7 ' + 2 ~ 3 5 ' X 5 0 '  

-513-(7'Xl5'+3XlO'X17'4'')-510 = 10,652.9 ft2 
f 4 

SG Duhts Doors 

junctions calculated in a) and SG cell (A.3). 

Volume 20 

Asump 1020 ft2 

Aconc 3 S ' ~ 1 0 5 ' + 2 ~ 1 0 5 ' X 1 4 . 5 ~ + 3 5 ' X 1 4 . 5 '  

- (7'~1O')X14.5' - 1,020 = 5.961 ft2 
fA  

Doors 

= 35'x14.5' = 507.5 ft2 Elev = -8.75' AJ20-*21 

AJ20+23 = 105'X35' = 3.675 ft2 Elev = -1.5' 

vo1um: 21 

Asump = 0 ft2 

A,,,, = 60'X35'+2~60'~14.5' = 3.840 ft2 

= 35'x14.5' = 507.5 ft2 Elev = - 8 . 7 5 '  AJ21-*22 

Aj21+24 = 60'X35' = 28100 ft2 Elev = -1.5' 

Volume 22 

1530 ft2 Asump = 

Aconc = 1 6 0 ' X 3 5 ' + 2 X 1 6 0 ' X 1 4 ~ S " x 1 4 . S ' - 1 8 5 3 0  

= 9.217.5 ft2 

Aj22+25 = 160'X35' = 5,600 ft2 Elev = -1.5' 
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Volume 23 
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Aconc = 3 5 ' ~ 1 8 . 6 3 5 ' - . 5 ' ~ 7 ' - 1 0 ~ ~ 2 . 8 3 ' + 1 0 5 ' X 1 8 . 6 3 5 ' ~ 2  

= 4,533.34 f t 2  

A~23+24 = 35'x18.635' = 652.23 f t 2  Elev P 7.821 

Aj23+26 = 105'X35' = 3,675 f t 2  Elev = 17.135' 

Volume 24 

Aux. Door c 
AConc = 2X60'~18.635'-35'= 2,201.2 f t 2  

Volume 25 

Aconc = 3 5 ' ~ 1 8 . 6 3 5 ' + 2 X 1 6 O ' X 1 8 . 6 3 5 '  = 6,615.43 ft2 

Aj2548 = 1608x35' = 5,600 f t 2  Elev = 17.135' 

Volume 26 

-2~513 -2X10'~17'4" 6,867.91 f t 2  
2 2 
SG Ducts Doors 

= 35Ix18.635' = 652.23 f t 2  Elev = 26.45' AJ26-*27 

Volume 27 

Aux . 
Roof Prz Floor 

I a 
A,,,, i. 2 X 6 0 ' X 1 8 . 6 3 5 ' - 5 1 3 + 6 0 " - 3 5 ' X 2 6 '  

= 2,913.2 f t 2  

Aj27+28 = 35Ix18.635' E 652.23 f t *  Elev = 2 6 . 4 5 '  

Aj27+29 = 35'X26' sz 910 ft2 Elev = 35.77' 
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Volume 28 

SG Ducts- 
A,-.onc = 35'~18.635'+160'~35'+2X16O'X18~635'-3~513 

= 10,676.43 ft2 

Volume 29 (Pressurizer) 

Roof = 83' 9" 

Aconc = 2~(35'+26') 
X( 83 9"-35.77 ' ) 
+ 35'X26' 

= 6,763.56 ft2 

2) Doors from 19 + 3 

Aj19+20 = 7'x14.5'+101x14.5' = 246.5 ft2 Elev = -8.75 ft 

AJ 1 942 3 = 0.5ix78+108x2.83' = 31.83 ft2 

Aj19+26 = 2~10'~17'4" = 346.67 ft2 

Elev = -0.21 ft2 

Elev = 25.60 ft 

Volume and Areas of Doors 

Add to 19 

Vol. = 1/2~("~15'+3~10'~17'9'')~5 = 1,562.5 ft3 

Area = 1 / 2 x ( 3 x [ 1 7 8 4 8 ~ + 1 0 ~ ] x 2 + 2 x ( 1 5 ~ + 7 ) ) x 5 ~  = 520 ft2 

Add to 20 

Vol. = 1/2~14.5'~(7'+10')~5' = = 616.25 ft3 

Area = 1 / 2 ~ [ 1 4 . 5 ' ~ 4 + 7 ~ + 1 0 ~ ] ~ 5 ~  = 187.5 ft2 

Add to 23 

Vol. = 1 / 2 x [ O . 5 ' x 7 ' ~ 5 ' + 1 O ' x 5 ' x 2 . 8 3 ' ]  = 79.58 ft3 

Area = 1 / 2 ~ [ 2 ~ 0 . 5 ~ + 7 ~ + 2 ~ 2 . 8 3 ~ + 1 0 ~ ] ~ 5 ~  = 59.17 ft2 

Add to 26 

Vol. = 1/2~[2~1O'X5'~17'4"] = 866.67 ft3 

Area = 1 / 2 ~ [ 2 ~ ( 1 7 ~ 4 ~ ~ + 1 0 ~ ) ~ 2 ] ~ 5 ~  = 273.33 ft2 
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3) Crane Less 

Crane legs are below elevation of SG cell ducts from NRx 
notes. There are 46 legs with 23 in each row. one row on 
each side of the pipe gallery. 

L row Vol. = 93.23 ft3/leg area = 124.64 ft2/leg 

J row Vol. = 33.98 ft3/leg area = 53.94 ft2/leg 

Subtract vol & add area of "x" legs to appropr'iate volumes 

VOl. 19 

Vol. = 4~(93.23+33.98) = 508.84 ft3 

Area = 4x(124.64+53.94) = 714.32 ft2 

Vol 23 

Vol. = 6X(93.23+33.98) = 763.26 ft3 

Area = 6x(124.64+53.94) = 1.071.48 ft2 

Vol. 24 

Vol. = 4~(93.23+33.98) = 5 0 8 . 8 4  ft3 

Area = 4x(124.64+53.94) = 714.32 ft2 

Vol. 25 

Vol. = 9~(93.23+33.98) = 1.144.89 ft3 

Area = 9x(124.64+53.94) = 1.607.22 ft2 

4) Steel 

NRx Notes 

Steel th(in) Area (ft2) 

0.25 3.348 
0.50 2,055 
0.75 2,055 
1.0 6.317 
1.5 4.262 
2.05 7,154 

25.191 
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VO 1 s tee 1 = ( 0.2 5 I' X3 3 4 8 +O - 5  "X2 , 05 5 +O .7 5 " ~ 2  , 05 5 + 

1 . 0 'I x6 , 3 17 + 1 . 5  'I x4 , 2 6 2 + 2 . O+ x7 , 1 5 4 ) x 1 / 1 2 I' 

= 2,535.31 ft3 

Mass = 501 lbm/ft3 x 2,535.31 ft3 = 1,270.191.56 lbm 

Most of the steel is below -1.5' elevation, then at top, 
and least in the middle. 

Assume : 

Assume : 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

5% middle 1,259.56 ft2 63,509.58 lbm 
10% top 2,5191.1 ft2 127,019.16 lbm 
85% bottom 21,412.35 ft2 1,079.662.83 lbm 

ratio by volume f include Vol. 19 - 20+23+26 
Area (ft2) 
3,358.80 
5,995.46 
3,425.98 
9,135.94 
352.67 
201.53 
537.41 
705.35 
403.06 
1 , 074.82 

Mass (lbm) 
169,358.07 
302,305.59 
172,746.05 
460,656.14 
17,782.68 
10,161.53 
27,097.42 
35,565.37 
20,323.07 
54 , 194.84 

5) Eight Ducts to Rx Bldg. from 26, and 28 (4 in each) 

assume = width of cross-vent 3 '  1.5' 
I I that drops down 

13. 

1.017' 
4.5' 
.228 radians 
13.06' 

3 '  
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3'~(31/12)' = 5.630 ft2 

Vol = 56.30'~ (102/12)'x4 = 1.914.27 ft3/side 

For each side have 4 ducts each 1O2li wide 

Aconc = 4X[2X(31/12)'X(lO2/12)~+14'X(102/12)' 

+ 17'x(102/12)'+2x56.30+(102/12)~~4.5~x0.228+1.5~ 

x 0.228x(102/12)'] = 1.726.56 ft2 

Add to volumes 26 and 28 

6) Pressurizer 35'8" 87" * 

V = 4/3 ~~~(87/2~12)3+~x(87/2~12)2~35'8'' = 1,671.94 ft3 

7) Summary of PG Volumes 

VOl. 19 

Doors Ducts Sump Crane Legs 
d 4 Ir J V19 = 90.597.5 + 1,562.5 + 1.282.5 + 4,142.71-508.84 

= 97.076.37 ft3 

Door Duct Sump 
Walls Walls Ceil Crane Legs 

c 4 4 4 A,,,, 10,652.9 + 520 + 392.5 + 110 + 714.32 
= 12,389.72 ft2 

Flame Propagation Length - 51.77'/2 t 25.89 ft 

Elev CL vol. 19 = 9.89 ft 

A~19+30 = 513 ft2 Elev P 27.28 ft 

A ~ ~ 1 9 + 3 0  = 436.33 ft2 Elev = -20.96 ft 

Aj19+20 = 246.5 ft2 Elev = -8.75 ft 

~j19+23 = 31.83 ftz Elev = -0.21 ft 
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Aj19+26 = 346.67 ft2 

A steel = 3,358.80 ft2 

M steel = 169.358.87 ft2 

Elev = 25.60 ft 

Characteristic Length = 51.77 ft 

Asump = 510 ft2 

VOl. 20 

/Doors 
V20 = 5 3 , 2 8 7 . 5 + 6 1 6 . 2 5 + 2 ~ 4 1 4 2 . 7 1  = 62.189.17 ft3 

Doors Sump Ceil 
J J 

A,,,, = 5.961+187.5+2~110 = 6,368.5 ft2 

Flame Propagation Length = 105'/2 = 52.5 ft 

ElevCL Vol. 20 = -8.75 ft 

Astee1 = 5,995.46 ft2 

M6teel = 302,305.59 lbm 

Characteristic Length = 14.5 ft 

Asump = 1.020 ft2 

AJ20j21 = 507.5 ft2 Elev = -8.75 ft 

AJ20j23 = 3.675 ft2 Elev -- -1.5 ft 

Vol 21 

V21 -- 30,450 ft3 

Aconc = 3,840 f t 2  

Flame Propagation Length = 60'/2 P 30 ft 

ElevCL vol. 21 P -8.75 ft 

Asteel = 3,425.98 ft2 

&tee1 = 172,746.05 lbm 

Characteristic length = 14.5 ft 

UNI-4 43 1 

Asump = 0 
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Aj21+22 = 507.5 ft2 Elev = -8.75 ft 

Aj21+24 = 2,100 ft2 Elev = -1.5 ft 

VOl. 22 

V22 = 81,200 ft3 + 3~4,142.71 = 93,628.13 ft3 

fump Ceil 
9,217.5 + 3x110 = 9,547.5 ft2 

AsUmp = 1.530 ft2 

Flame Propagation Length = 160i/2 = 80 ft 

ElevCL Vol. 22 = -8.75 ft 

Astee1 = 9,135.94 ft2 

Msteel = 460,656.14 lbm 

Characteristic Length = 14.5 ft 

Aj22+25 = 5,600 ft2 Elev = -1.5 ft 

Vol. 23 

Crane 
<Doors vLegs 

V23 = 68.483.63 + 79.58 - 763.26 = 6 7 , 3 9 9 . 9 5  ft3 

Aconc = 4,533.74+59.14 + 1.071.48 5,664.39 ft2 

Flame Propagation Length = 105’/2 = 52.5 ft 

ElevCL VOL 23 = 7.82 ft. 

Astee1 = 352.67 ft2 

&tee1 = 17,782.68 lbm 

Characteristic Length = 18.635 ft 

Aj23+24 = 652.23 ft2 

Aj23+26 = 3.675 ft2 

Elev = 7.82 ft 

Elev = 17.135 ft 

Vol. 24 

Aux. Door Crane Legs 

UNI-4 4 3 1 

d V24 = 39,133.5+ 87.5 - 508.84 = 38,712.16 ft3 
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A,,,, 2.202.2 + 60 + 714.32 = 2.975.52 ft2 

Flame Propagation Length = 601/2 = 30 ft 

ElevCL VOL 24 = 7.82 ft 

Asteel = 201.53 ft2 

Msteel = 10.161.53 lbm 

Characteristic Length 5 18.635 f t  

Aj24+25 -- 652.23 ft2 Elev = 7.82 ft 

AJ24+27 = 2,100 ft2 Elev = 17.135 ft 

Vol. 25 

Crane Legs F 
V25 = 104.356 - 1.144.89 = 103.211.11 ft3 

Flame Propagation Length = 160’/2 = 80 ft 

ElevCL VOL 25 = 7.82 ft 

Astee1 = 537.41 ft2 

Msteel = 27.097.42 lbm 

Characteristic Length = 18.635 ft 

AJ25+28 = 5.600 ft2 Elev = 17.135 ft 

Vol. 26 

R x  Bldg SG 

rDucts CDUCt6 
v26 = 68.483.63 + 866.67 + 1.914.27 + 2 x 1.282.5 

= 73,829.57 ft3 

= 6,867.91 + 273.33 + 1,726.56 + 2~392.5 Aconc 

= 9.652.8 ft2 

Flame Propagation Length = 105’/2 = 52.5 ft 

ElevCL VOL 26 = 26.45 ft 
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Asteel = 7 0 5 . 3 5  ft2 

Msteel = 3 5 , 5 6 5 . 3 7  lbm 

Characteristic Length = 1 8 . 6 3 5  ft 

A526+27 = 6 5 2 . 2 3  ft2 Elev = 2 6 . 4 5  ft 

V o l .  27  

cSG Ducts 
V27 = 3 9 , 1 3 3 . 5  + 1,282.5 = 4 0 , 4 1 6  ft3 

A,,,, 2 , 9 1 3 . 2  + 3 9 2 . 5  = 3 , 3 0 5 . 7  ft2 

Aj27+28 = 6 5 2 . 2 3  ft2 Elev = 2 6 . 4 5  ft 

~ j 2 7 + 2 9  = 910 ft2 Elev = 3 5 . 7 7  ft 

Asteel = 4 0 3 . 0 6  ft2 

Meteel = 2 0 , 3 2 3 . 0 7  lbm 

Characteristic Length = 1 8 . 6 3 5  ft 

ElevCL VOL 27 = 2 6 . 4 5  ft 

Flame Propagation Length = 6 0 ’ / 2  = 30 ft 

V o l .  28  

Rx Bldg 
f Duct6 c g C t 6  

V28 = 1 0 4 , 3 5 6  + 1 , 9 1 4 . 2 7  + 3 ~ 1 . 2 8 2 . 5  = 1 1 0 , 1 1 7 . 7 7  ft3 

A,,,, = 1 0 , 6 7 6 . 4 3  + 1 , 7 2 6 . 5 6  + 3 ~ 3 9 2 . 5  = 1 3 , 5 8 0 . 4 9  ft2 

Asteel = 1 , 0 7 4 . 8 2  ft2 

Msteel = 5 4 . 1 9 4 . 8 4  lbm 

Flame Propagation Length I 1 6 0 t / 2  = 80 ft 

Characteristic Length = 18.635 ft 

ElevCL VOL 28 = 2 6 . 4 5  ft 

V o l .  2 9  

V29 = 4 3 , 6 6 1 . 8  - 1 , 6 7 1 . 9 4  = 4 1 , 9 8 9 . 8 6  ft3 
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.- 

(in original calculations 

5,853.56 ft2 in HECTR 
decks) 

left out roof SO A,,,, = 

Flame Propagation Length =: 47.98'/2 = 24 ft 

ElevCL VOL 29 = 59.76 ft. 

Comparison 
New NR, Notes Contempt 

Volume 759,420.09 723 . 343 721.671 
Aconc 81.40083 76 . 107 62 . 178 
Differences are due to including 105 vents, sump volume 6 
area, 1/2 of junction volumes to other rooms. otherwise 
agrees with CONTEMPT volume. Back-calculating. our 
comparable area would be 77,540 ft2. 

A 
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A.3 Calculation of Steam Generator Cell Characteristics 

Bas 

Elev 

ic calculation 

= 39.03 ' -3 .5 '  = 35.53' 

Elev = -16'OT1 

- Elev = -15'3'' 

/ 
0 

0 

50' 

= 38.06'-3.5' 
= 34.56' 

= 0 '  

VOlo = 50' X 79' 3" x (16'+15'3")/2 + 

100' x 50' x (35.53'+34.56')/2 

= 237,139.06 ft3 

ACeil = A ~ l o o r  = 5 0 ' X  100' = 5,000 ft2 

AWa11 = 2 x 79'3" x (16'+15'3'')/2 + 2x100' 

x (35.53'+34.56')/2 

+ 50' x 34.56'+50' 35.53'+50' x 15'3"+50' IC 16' 

= 14,552.56 ft2 

Elev. CL Duct = 35.53 -(18/12)i-13.5i/2 = 27.28 ft 

(i.e., ducts 18" from roof and 13.5' high) 

In the NRx notes, the volume and area calculations used 
different assumptions about the ceiling elevation. Upon 
comparison with the pipe gallery calculations, it was 
decided that the elevations for the roof are the external 
elevations and 3.5 ft must be subtracted to get the 
internal height for the calculations. 
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2 )  Volume of steam generators (2/cell) (NRx notes) 
UNI-4 4 3 1 

k v 
2.75 '  

f 
51'6'' 

Vol = L x n x r2 + 4/3 x n x r2 x a spheroid 

= 51.5' X TT x (10.5'/2)2 +4/3 x TI X (10.5'/2)2 

~2.75' 

= 4,459.39 + 317.50 

= 4,776.89 ft3 

Do not calculate surface area (included in steel) 

Vol2 steam generators/room = 9,553.78 ft3 

(subtract from volume of SG cell) 

3) Volume of steam generator pedestals (2/steam generator) 

(NR, notes) 

a) North pedestal 

9'91'- 

Height = 16t0tt-6t3tt = 9'9" Elev = -6'3" 

VOl = 3 '  X 9'8" X 9'9" = 282.75 ft3 

VOl 2 NPS = 565.5 ft3 9' 8'' 

2.5' 

Elev  = -16'0" 

(Subtract from volume of SG cell) 3' 

b) South pedestal 

Pedestal is embedded in floor 

Elev = -5'8.5 ' ' -  L 2.5' +((6'-2.5')/(19'-5.71'))~ 

(16'-5.71') = 5.21 ft 
F l o o r  = -16 '  Vol = 1/2 x (a+b) x h x !I 

Elev = -19' - 
6 '  A-17 



VOl = 9'8" X ((2.5'+5.21')/2)~(16'-5.71') 

= 383.52 ft3 

UNI-4 4 3 1 

V012sp = 767.04 ft3 

(Subtract from vol. one of SG cell) 

4) Areas of pedestals (NR, notes) 

a) North pedestal 

Wall = 2 ~ ( 3 ' + 9 ' 8 ~ ~ ) ~ ( 9 ' 9 ~ ~ )  = 247 ft2 

Assume: since steam generator covers top of pedestal, 
subtract top from concrete area 

Atop = 3' 

AZNP = 2 X (247-29) I 436 ft2 (add to cone area) 

X 9'8'' = 29 ft2 

b) South pedestal 

Assume: since steam generator covers top of pedestal, 
subtract top  from concrete area 

Atop - - 2.5' x 9'8'' = 24.17 ft2 

Vertical wall = ends + sides 

= 2 x 9 ' 8 "  x (16'-5.71')+2 x ((5.21'+2.S1)/2) 

x (16'-5-71') 

= 278.32 ft2 

AZSp = 2x(278.32-24.17) = 508.32 ft2 (add to conc 

area) 

5) Duct volume/area (3/SG cell) 

13.5 ' I ro Include 1/2 of duct volume and 
side areas in SG cell 

VOld = 1/2 X 5 '  X 13.5' x 12.67' x 3 

M = 1,282.5 ft2 

1 2 . 6 7 '  5 '  Ad=AW+T+B=3 X 1/2 X (13.5'+12.67') x 5' X 2 

= 392.5 €t2 

(add to concrete area) 
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UNI-4 431 
AdJ SG-WS = 3 x 13.5' x 12.67' = 513 ft2 

(subtract from conc area) 

6) =-Cell Sump (Conversation with D. L. Wegener 7/21/86). 

10 ' 9" 

ZW 9 ' 1 1  

k - 4  
14'8 ' '  u 

Junction Area = 3 x 14 

\ 

' I  

4' 13' 

x 9'11" = 436.33 ft2 

Sump Area = 50' x 21'-2 x 3' x 5' = 1,020 ft2 

Sump Volume = 13' x 9'11" x 14'816 x 3+4 x 4' x gill8' x 3' 

+2 X 1/2 X 4'~10'9" x 50' - 2 X 1/2 

3.721" X 

x = 10" 

Y = -  
x 10'9' '  

4' 

10" x 5 0 '  

= 3.721'' 

= 8,285.41 ft3 

1 3 '  
- Normally 10" of water when operating 

- 300 gpm sump pump auto starts at 12" and dumps to 

Radioactive drain - stops at 10". 
- One sump and one pump for each SG cell 

VOls = 8.815-620 x dw-18.605 X d W 2  

d, in ft = depth of water 

= 473-44 x dW *JS 

-16' 

I 911 

VOlw = 6 2 0  x dw + 18.605 x dW2 
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Assuming 10" normally: 

We can approx. AJS = 436.33-.05266 x vol added 

Exact AJS = 473-44x( 10Bt/12+Adw) 

Vol. added = 620x(dw+Adw)+18.605x(dw+Adw)~- 

620xdw-18.605xdw2 

= 6 2 0 X A d ~ + 1 8 . 6 0 5 ~ ( 2 ~ d w ~ A d ~ + A d W 2 )  

= 651xAd~+18.605xAdw2 

- 436.33-.063x vol  added. For small vol added. 

Include 1/2 sump vol. in SG cell and 1/2 area subtract 

from conc. 

Vols in SG = 4,142.71 ft3 (add t o  V o l . )  

AS = area = 510  ft2 (subtract from area) 

AJSG-PG = 436.33 f t 2  (does not effect conc) 

ASC = area of ceiling = 1/2 x 3 x 14'8" x 5 

= 110 ftZ(add to area) 

EIeVJ = -20.96 ft. 

7) Steel in SG Cell (NRx NOTES) 

Steel th(in) Area ( f t z )  
0.25 1,078 
0.50 661 
0.75 661 
1.00 2,033 
1.50 1,372 
2 . 0 0  2,303 

8,108 

Sam woods notes = 8.457 ft2 

Surface areas of SGs 
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A = 2 x 2 x n x R x h + 2 x n x a2 + n x (b2/c)Qn((l+t) 

c- 

/(l-c)) 

c = eccentricity L (a2-b2)1/2/a = .852 

2a = major axis+a=5.25' 

2b = minor axis+b=2.75' 

A = 2 x 2 x x 5.25' x 51.5'+2 x w x 5 . 2 5 ' 2  

+ n x (2.7Ei12/.852) x Qn((l+.852)/(1-.852)) 

= 3.397.63 + 173.18 + 70.44 

= 3,641.25 ft2 

This steel, since it was assumed hot. may not have been 
included in the above steel calculation. 

We will assume Sam Woods1 value of 8.457 ft2 is correct 
and assume the extra 348 ft2 is 0.25" thick. 

From the NRx notes pst = 8.03~103 kg/m3 = 501 
lbm/f t3 

Volgteel = ( 0 . 2 5  x 1.078+0.25 x 348+0.5 x 661+0.75 

x 661+1.0 x 2,033 + 1.5 X 1,372+2.0 x 2,303) 

x 1/12 = 823.3125 ft3 

Msteel = 823.31 ft3 x 501 lbm/ft' = 412,479.56 lbm 

8) Summary of SG Cell 

Vol = vo -Vol2NPs-V012SPs-VO12SG+VOld+VO1S 

= 237,139.06-565.5-767.04-9.553.76 + 1.282.5 + 4,142.71 

e 231,677.95 ft3 

Aconc = AO-AZNPS-~~SPS-AJSG+PG+~~-~S+ASC 

24,552.56 - 436 - 508.31 - 513 + 392.5 - 510 + 110 

= 23,087.75 ft2 

Asteel = 8.457 ft2 

Meteel = 412.479.56 lbm = 187.096.6 kg 
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Compare: 

New NRx Notes Contempt 

VOl = 231,678 ft3 218,743 218,743 

Areaconc = 23,088 ft2 24,499 20,360 

Astee1 = 8,457 ft2 8,108 8,457 

Msteel = 412,480 lbm 408,847 412,480 

The difference: 

Vol: We included the sump volume, 1/2 duct volume 
(instead of al1)and the length of the SG cell is 
100' instead of 94'3". (There is an incon- 
sistency in the notes.) 

Area: We included 1/2 duct side walls, top of sump 
under wall and we removed the sump area and the 
top of the SG pedestals and subtracted 3.5l from 
wall height. 

Other Stats: 

Flame Propagation Length = 100'/2 = 5 0 '  

Characteristic Length = 50.67' 

Sump Area = 510 ft2 

Sump Vol. = 8,285.41 ft3 

Top junction AJD = 513 ft2 EleVCLduct = 27.28 ft 

Bottom junction AJS = 436.35 ft2 EleVCLsump = 20.96 ft 

Elev center cell = (61,914.06~(-7.8~)+175,225~17.5~)/237,139 

= 10.9 ft (vol. average) 
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A.4 Calculation of Auxiliary Cell Characteristics 

1) Basic calculation 

UNI - 4 4 3 1 

- Elev = 38.22 ' -3 .5 '  
= 34.72' 

Elev = 39.03 ' -3 .5 '  = 35.53' - 
- Elev = -15'3'' 

Elev = -16'- / /  50' 

Ave. elev. roof = (35.531+34.72i)/2 = 35.125' 

Vo = 79' x 50'~(35.125'+15.625') = 200,462.5 ft3 

AF = AC = 5 0 '  x 79' = 3,950 ft2 

Aw = 2 X ( 5 0 ' + 7 9 ' ) X ( 3 5 . 1 2 5 ' + 1 5 . 6 2 5 ' ) = 1 3 , 0 9 3 . 5  ft2 

AT -- Aw+AF+Ac = 20,993.5 ft2 

2) Door 

1/2 door in dux. cell. 

16.0')-16' = 9.765 ft (assume door in center of 

cell face) 



3) graphite Coolers (4) 
UNI-4431 

V o l ~ c  = 4~[2/3 X TT x (7'-7/8") X (36"/2)2+(17'5-9/16'') 

x n x (36"/2)+(1'10-1/4") X TT X (37'-3/4''/2)2] 

= 563.79 ft3 

4) Steel (NR, Notes) 

Steel Thick(in) Area (ft2) 

0.25 
0.50 
0.75 
1.0 
1.5 
2.0 

930 
571 
571 

1,755 
1,184 
1,987 
6.998 

Volsteel (0.25 x 930+0.5 X 571+0.75 x 571+1.0 X 1,755 

+ 1.5 x 1,184+2.0 x 1,987)~1/12 = 704.27 ft3 

MSteel = 501 lbm/ft3 X 704.27 ft3 = 352,839.67 lbm 

5) Ducts (same as SG cell) 

Void = 1.282.5 ft3 

Ajd = 513 ft2 elev. = 27.28 ft. 

Ad = 392.5 ft2 

6) Summary of Aux. Cell 

VOl = vo + Vdoor + Vducts - vgc 
= 200.462.5 ft3+87.5 ft3+1,282.5 ft3-563.79 ft3 

= 201,268.71 ft3 
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Aconc = Ao+Adoor - %door + Aducts - %ducts 

t 20.993.5 ft2+60 ft2 - 35 ft2 + 392.5 ft2 - 513 ft2 

= 20,898 ft2 

Msteel = 352.839.67 lbm 

Other stats: 

Flame Propagation Length = 79/2 ft = 39.5 ft 

Characteristic Length = 35.125 ft + 15.62 ft = 50.75 ft 

Sump Area = 0 

Sump Vol = 0 

TOP Junction: 

Bottom Junction: 

Elev CLcel1 = (35.125 ft+15.625 ft)/2 - 15.625' = 9.75 ft 

Ajducts = 513 ft2 EleVCLducts = 27.28 ft 

Ajdoor = 35 ft2 EleVCLdoor = 9.76 ft 

New NRx Notes Contempt 

VOl. 201,268.71 ft3 201,061 201 . 060 
Area conc 20.898 ft2 21.143 17,168 
Mrea steel 6,998 ft2 6.998 6 . 998 
Mass steel 352,839.67 lbm 352,839.67 352,839.67 

Differences due to: 

1) Error in notes in vol. calculation (16t+15t3tt)/2 = 
15.625' not 15.875'. 

2) For ducts included only 1/2 volume and area in volume. 

3) Some amount of the steel covers the concrete, but we 
have no way of estimating this. As a result, all of 
our concrete areas are over-estimates. This will not 
affect the calculation since errors of the order of 
20% have been shown previously not to affect the HECTK 
result. .- 



A.5 Reactor Building Calculations 
UNI -4 4 3 1 

Vol 18 - Graphite Gas Space in Core 

Vol = 8.200 ft3 

This is the interblock space which is thin and 
convoluted. 

The height of the core is roughly -37 ft 

Flame Propagation Length = 37'/2 = 18.5 ft 

Characteristic Length = 37 ft 

ElevCL VOL - 20 ft (centerline of Rx) 
3 psid blowout panel to volume 17 

~j18-,17 = 7.10 ft2 Elev - 7 ft  
T = 700°F (assume remains at 7001 Depends on accident 

s cena r io ) 

Vols 16 d 17 - Front and Rear Pipe Barrier Space 

access holes 11 g- 19'4" 

Elev. VOlS 16 or 17 = 23.13 ft 

VO 1 = 29 ' 9 " X  ( 6 ' X24.5 ' +1/ 2X[ 19 ' 4 'I -6 ' -1 8 " ] 

X[ 24.5 '-13 '1.5" ]+ 35.5 '~19'4")~2 

= 53,531 ft3 

A,,,, = 29'9"X2 = 780.94 ft2 

As tee1 = 2 9 9 "X ( 13 ' 1.5 ' I +  ( ( 24 - 5 ' -13 ' 1.5 I' ) 2+ 

19 ' 4 ' I -  6 - 1.8 '' ) 2) 1/2+2x35. 5 I +19 ' 4 "  ) x2 

+4~(6'~24.5'+35.5~19'4"+1/2X124.5'-13'1.5''] 

X[ 19'4"-6-1'8* ] 
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11'5"" 

= 7,125.3 + 3.598.75 = 10,724.05 ft2 

Roof = 69 '  

e '*"" Floor  = 60.5 '  
u o n D n 

.- 

e 

Msteel -- 501 lbm/ft3 X 223.4 ft3 = 111.932.3 lbm 
(assume 1/4" inside surface) 

T - 4OOOF for vol. 16 and 450°F for vol. 17 initially 
Flame Propagation Length = 35.5 + 24.5 = 60 ft 

Characteristic Length = 30 ft 

There are 18 access holes on top and 18 on bottom. They 
open up (i.e., gravity) under pressure. During operation. 
the lower holes are bolted shut from the inside. 

AJ17-+9 = 157.19 ft Elev = 38 ft 

Ajl6+10 = 36 ft2 Elev = 8.5 ft 

A ~ 1 7 ~ 1 3  = 36 ft2 Elev = 8 . 5  ft 

(A6 per conversation. D. We ener, 7/30/86, assumed lower 
holes are 21x2' + area = 4 rt5.1 

Pressure to open top hatches -536 lbm/(18.13 ft2 x 144) 
= .21 psid 

Pressure to open bottom hatches (if not bolted shut) -104 
lbm/(4 ft2 x 144) = .18 psid 

3) Vol 38 - Room 605 



UNI-4 4 3 1  
AJ38+4 3 84 ft2 Elev = 59.5 ft 

A 5 3 0 4  = 8 4  ft2 Elev = 59.5 ft 

AJ38+6 = 84 ft2 Elev = 59.5 ft 

VOl = 11 ' 5"X ( 69 ' -60 .5  ) X(  124 ' 1 /2 " ) + 10 ' 8 "X18 4 "X ( 69 - 4 0  ' ) 

+1/2x9x3.5'x8'~2' = 17960.32 ft3 

Must add ductwork to isolation dampers - 
6 25'  

96'' rt &+b 

7 2" 
? 

4.5' 15' 

Vold = n x 4 ' 2 ~ 1 5 ' + n x 3 ' ~ X 2 5 ' + ( 4 . 5 ' / 3 ) X [ 4 ' ~ + 4 ' x 3 ' +  312] 

= 1,516.34 f t 3  

V O ~  38 = 17,960.32+1,516.34 = 19.476.66 f t 3  

A,,,, = 2~11'5"~124'1/2" - 9X3.5'1~8' + 2 ~ 8 . 5 ~ ~ 1 2 4 '  1/2" 

+ 11 5 I' x8 .5 ' +2 X 10 8 " X 2  9 ' + 2x 10 ' 8 I' X 18 4 I' + 18 I 4 x2 9 ' 

+6.92'~29 '-~X4'~+11' 5 " % 2 0 . 5 '  = 6.711.94 ft2 

Astee1 = 2 ~ 1 ~ x 3  ' ~ 2 5  ' + ~ X T T X ~  ' X 1 5 ' + ~ (  (4-3)2+4. 52)1 /2X(4+3)  

= 899.8 ft2 

Msteel -- 18.75 ft3 x 501 lbm/ft3 = 9391.67 lbm (Assume 

1 / 4  : 

Elev Vol 38 = 64.75 f t  

Flame Propagation Length t (12411/211 + l O ' 8 l t ) / 2  = 67.4 ft 

Characteristic Length = 8 . 5  ft 
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4) Filter Buildinq - (Vol. 37 (Vol. 15)) 

P- Assume operators switch to D cell by procedure. 
n F  14' 

g- 223' I Elev = 

ducts from isolation dampers \54'511 x 20.5' x 5'8''/each 

= concrete 

(1)+1 duct=3' rad. 15' length 
1 duct=4' rad. 50' length 

3 fans=4' rad. 4' length 
1 duct=4'~5' x 24' 

A = 21~~3'~15'+2ITx4'X50' 
+ 3 X 2 l T X 4 ' X 4 ' + 2 X ( 4 ' + 5 ' ) X 2 4 '  
= 2272.97 ft2 (not 2675.1 ft2) 

4' x 5' x 24' * ? 4 15' 

50' 

-21' 

Area calculation in NR notes 
is incorrect (not consistent 
with volume calculation) 

v0137 = 137.049 ft3 

Aconc = 18.759 ft2 

Astee1 = 52.823 ft2 

Msteel = 535.883.73 lbm (assume .25" thick ducts) 

Flame Propagation Length = (24'+88'+136'+176.87'+34.54' 
+11.33'+233'+223')/2 = 463.37 ft 
(assume burns from center) 
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Characteristic Length = 223 ft (assume dominated by stack) 

A j 3 7 ~ u t  = 153.93 ft2 Elev = 202 ft 

A~38+37 = 75.78 ft2 Elev = 64.75 ft 

Elev Vol 37 = 27.4 ft weighted by volume (approx.) 

A ~ 4 ~ 3 8  

Ajs438 

Aj6+38 

= 84 ft2 Elev = 58.5 ft 

84 ft2 Elev = 58.5 ft 

84 ft2 Elev = 58.5 ft 

5) ReactOK Building Front (Volumes 1, 2, 3. 4. 5. 6. lo, 11. 
and 12) 

Because of the complexity of the calculation, we will go 
down one level at a time and calculate the partial volumes, 
areas, and elevations for all volumes at that level. At 
the end. we will add up the partial characteristics to get 
totals for each volume. 

Sa) Level 1 58.5'+43.5' 
Top View 

40 8" 44 8" 

2' High. 4' Wide 
Opening to Rear of 
ReactOK Building 

Volumes 1. 3 

V011.3 = 1 5 ' ~ [ 4 4 ' 8 ' ' x ( 2 8 . 5 ' - 5 ' ) + 5 ' X 4 2 . 5 ' ]  = 18.932.5 ft3 

A,,nc 15' X (28"'+44'8''+5') + 44'8''~(28.5'-5') + 

5 x 42.5' = 2.434.67 ft2 
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AJ2+3 e AJ1+2 = (26'-5') X 15' = 315 ft2 Elev = 51 ft 

AJ3+6 = A ~ l j 4  = 44' 8" X 15' = 670 ft2 Elev = 51 ft 

ElevCL voL = 51 ft 

Volumes 4.6 

This includes three junctions to volume 38 (Room 605) on 
top of the reactor building which are 3.5'x8*xZf each. 

+ 1/2 x 3 x 2 '  x 3.5' x 8' = 26,225.167 ft3 

A,,,, = 44'8" x 38.75' + 15' X (38.75'+44'8'')-2' X 44'8" 

+ 2' x 2' + 2' x 4 4 ' 8 "  x 2-3 X 3.5' X 8' 

+3 X 1/2 x (3.5'+8')X2 = 3,025.92 ft2 

A ~ 4 4 4  = A ~ 6 + 9  = 2'X44'8'' = 89.33 ft2 Elev = 57.5 ft 

A ~ 4 + 5  = A ~ 5 + 6  = 15' X 38.75'+2'~2' = 5 8 5 . 2 5  ft2 

Elev = 51 ft 

AJ4+38 = A~6+38 = 3 X 3.5' X 8 '  = 84 ft2 

Elev = 59.5 ft 

ElevCL VOL = 5 1  ft 

Volume 5 

Vol5 = 40'8s* x 4 ~ . 2 5 ~ x 1 5 ~ + 1 / 2 x 2 8 x 4 ~ x 4 0 ~ 8 8 ~ + 1 / 2 x 3 x 2 '  

~3.5'~8'-2 x 3'8" x 4'X8'3-1/2'' I 25,165.944 ft3 

Aconc = 2 x 40'8" IC 41.25' + 15' X 4 0 ' 8 "  2' X 4 0 ' 8 "  

+ 2' x 40'8" x 2 - 3 X 3.5' X 8 '  + 3 X 1/2 X 2 

x (3.5'+8 ' )+2x(3 '8"+4 ' )x8' 3.5"xZ = 4,251.11 f t2 

A j 5 4  = 2'X40'8'' = 81.33 ft2 Elev = 57.5 f t  
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This includes three junctions to volume 38 on the roof 
similar to volumes 4,6 and two pillars which are 
3'881x4'x8'3.5'8 each. 

Volume 2 

V0l2 = 15' x 40'8'' X (26'-5') + 5,054.33 + 2' x 2' x 26.25' 

= 17.969.33 ft3 

A,,,, (26'-5') X 40'8'' -2' X 26.25' + 2 X (2'+26.25') X 2' 

+ 2 x 2' x 2' + 40'8" x 15' + 2,123.94 = 3,648.44 ft2 

Aj2+5 = 15' x 40'881 = 610 ft2 Elev = 51 ft 

This includes the 605 Room on the roof wit .h  a 2' x 26.25' 
junction to the room from the main volume 2 into which the 
thermal shield fits when raised. The room is 42'10'' x 
14'9" x 8 '  high. 

5b) Level 2 40' + 43'6" 40 '8"  44 '8"  

k I '  & f c 

41.25'  6 4 

--- - - - - - - - - - - - -  
2 1 

2 6 ' 3  3 1 

38.75'  

28.5 '  

44 '4" 42  '10'' 

Volumes 1.3 

V011.3 =: 44'8" X (28.5' - 5') X 3.5' + 5' X 3.5' X 42'10" 

= 4,423.42 ft3 

AcOnc = 3.5' x (28.5' + 44'8" + 5') + 3.5' X 2.5' 

= 282.33 ft2 

A j 3 4  = Aj1+4 = 3.5' X 44'8'' = 156.33 ft2 Elev = 41.75 ft 

Aj2+3 = Aj1+2 = 3.5' x 21' = 73.5 ft2 Elev = 41.75 ft 
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Volumes 4.6 

vOl4.6 = 38.75' X 44'8'' X 3.5' = 6.057.92 ft3 

A,,,, = 38.75' x 44'8'' + 3.5' X (38"5'~2+44'8'') 

= 2,158.42 ft2 

Volume 2 

V o l ~  = 3.5' x 40'8'' x (26'-5') = 2,989 ft3 

Aconc = 2 x 40'8'' x 3.5' = 284.67 f t 2  

ElevCL VOL = 41.75 ft 

5c) Level 3 15' + 40' 
40 8" 44 ' 8"  

16 

Top of pipe  
barrier space 
is at -38' 

44 ' 4" 

Volumes 1.2.3 extend down to 38' elevation 

Volume 1.3 

VOll.3 = (44'8' X 28.5' - 5' x 1' 10') X 2' = 2.527.67 ft3 

Aconc = ( 2  x 44'8'' + 28.5' + 5') x 2' = 245.67 ft2 

Aj1+2 = Aj2+3 = (28.5' - 5 ' - 2 . 5 ' )  X 2' = 42 ft2 

Elev = 39 ft 

Aj1+10 = Aj3+12 = 44'8" x 28.5' - 5'xl'l'lO'' 

- 35.5' X 19'4'' - 4.167' x 6' - 39.70 
= 512.80 f t2  Elev = 38 ft 
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The area of J l ? l o  has the surface of the pipe barrier 
subtracted from it. 

24 .5 '  35 .5 '  

J 
2 0  

A -  1 

- 1 9 ' 4 ' '  1 w\ 3 9 . 7  ft2 

Volume 2 7.208' 4 . 1 6 7 '  

V012 = 40'8" X 2' X (28.5'-5'-2.5') = 1,708 ft3 

= 2 x 2' x 40' 8" = 162.67 ft2 

A~2+ll = 40'8" X (28.5'-5'-2.5')-2 X (6' X 20.33' 

+ 26.65) = 556.74 ft2 Elev = 38 ft 

The area of J2+11 has the surface of the pipe barrier 
space subtracted from it. 

ElevCL VOL = 39 ft 

Volumes 10.12 

VOlpBS in 10 = (38'-15') x (35.5' x 19'4" + 39.70 

+ 6' x 4.167') = 17,273.81 ft3 

V0110,12 (44'8'' x 2 8 . 5 '  - 5 '  x 1'10'') x (38'-15') 

- 17,273.81 = 11,694.35 ft3 

A,,,, = (2 X 44'8" + 28' + 5'+ 1'10'') X (38'-15') 

= 2,855.83 ft2 

Aj10+ll = Aj11+12 = (38'-15') x (28.5'-5'-2.5'-6'-7.395') 

= 174.92 ft2 Elev = 26.5 ft 

ElevC- VOL = 26.5 ft 

Volume 11 

VOlpBs in 11 = (38'-15') X (6' x 40.67' + 2 x 26.65) 

= 6,837.90 ft3 
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V0ll1 = 4 0 '  8" x (28.5'-2.5'-5') X (38'-15') -6,837.90 

= 12,804.10 ft3 

A,,,, = 40'8" x (38'-15') = 935.33 ft2 

5d) Level 4 0'+15' 
2 . 5 '  40 1 a" 44 '8" 

J 

2 8 '  

' I. 1 
1 
1 

Extends 16 1 
down t o  
8 ' 3" 

10 

t 
44 14" 42 10" 

V_olumes 10,12 

VO110,12 = 144'8'' x (28'-4.5') + 4 . 5 '  x 42'10'')] X 15' 

-6.75' X (35.5' x 19'4'' + 39.70 + 6' x 4.167') 

= 13,566.759 ft3 

A,,,, = (2 x 44'8'' + 28' + 4.5' + 2.5') x 15' = 1,865 ft2 

Aj10-11 = Ajl1+12 = 6.75' x (28'-2.5'-4.5'-6'-7.395') 

+ (15'-6.75') IC (28'-2.5'-4.5') = 224.58 ft2 

Elev = 5.839 ft 

ElevCL VOL = 5.81 ft 

Volume 11 

VOlll = 40'8" X 15'X(28'-4.5'-2.5') -6.75' X (6'X40.67' 

+ 2x26.65) = 10,808.63 ft3 

ElevCL v~~ = 6.47 ft 
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5e) Level 5 Oi -+  -15' 41r 

44'4'' 40 ' 8" 
r/ 6 4  - 2.5'  

28' 

Volumes 10.12 

( 19'4"  
pool e lev  = -3" 

VO110,12 = [44'4" X 28'-6'3" X 1.5'1 X 15'4" = 18,890.028 ft3 

Aconc = [Z X 44'4" + 2 X 28'-4'5"] x 15'4" = 2,150.5 ft2 

Ajlo+ll = Ajl1+12 = 4 ' 5 "  x 15'4'' = 67.72 ft2 Elev = -7.67 ft 

ElevCL VOL = -7.67 ft 

Volume 11 

Volll = 3" x 19'4" x 13'8" + 15'4" x 4'5'' x 40'8'' 

= 2,820.09 ft3 

A,,,, = (19'4" + 13'8'') x 2 X 3'' + 40'8" X 2 X 15'4" 

+ 40'8" X (28'-2.5'-4.5') + 40'8" x (2' + .5') 

-264.22 = 1.955.06 ft2 

ElevCL VOL = -7.67 ft 

Awater = 19'4" X 13'8" = 264.22 ft 

ElevCL v o ~  = -7.67 ft 

There is an inconsistency in the NRX Notes at this level. 
On page 5-23, the length of section 11 is reported as 
38i4i8. not 40'8i1 which we use , but this is inconsistent 
with the pool being 191411 and with the overall dimension of 
the reactor building. 

Also, we add to volume 11, the area of the floor plus the 
lip on the reactor plus the reactor building face. We 
subtract the area of the water. 

A-36 



UNI-44 3 1 

c 

5f) Level 6 -15' 1-7/8"+ -15'4" 
44 I 4" rr 2 m 5 i ~ 3 1 ~ 2 8 1  

Volumes LO. 12 

V0110,12 = (15'4"-15' 1-7/8") x [28' x (44'4"-1.5') 

+ 1.5' x 2.5'1 = .0177 x 1,203.08 = 213.046 ft3 

A,,,, = (2 x 44'4'' + 2 X 28') X .0177 = 25.62 ft2 

ElevCL VOL = -15.24 ft 

42 tioil 

Volumes 10.12 

V0110,12 = (19.5'-15' 1-7/8") x [42'10'' x 28'-(42'10"-20') 

x 2.5'1 = 4.34375' x 1.142.25 = 4,961.6s ft3 

A,,,, = (2 x 42'10" + 2 X 28') X (19.5'-15' 1-7/8") 

= 141.67 x 4.34375' = 615.36 ft2 

ElevCL VOL = -17.328 ft 

5h) Level 7 -19.S1+ -21'2'' 

I 



Volumes 10.12 
UNI-4 4 3 1 

V0llo.12 = 11.5' x 38' x (21'2''-19.5') 728.33 ft3 

A,,,, = (11.5' + 38') X 2 X (21'2''-19.5') + 5' x 4 2 . 5 '  

+ 44'8'' x ( 2 8 . 5 ' - 5 ' )  - 1,427.17 ft2 

ElevCL VOL = -20.33 ft 

At this level. we add all the floor which really exists at 
different levels. but is within volumes 10 or 12. 

Si) Steel 

Msteel = 734.883.5 Asteel = 17.192 ft2 

Because we do not know the exact distribution of steel. we 
will apportion the steel by volume ratio. The totals are 
from Reference 5. 

Volume Area (ft2) 

1 
2 
3 
4 
5 
6 
10 
11 
12 

Sj) Summary of Vol 
Bu i 1 d i ng 

1.534.71 
1.336.41 
1,534.71 
1.902.35 
1.490.73 
1.902.35 
2,975.45 
1,539.85 
2.975.45 

Mass (lbm) 

65.602.02 
57 . 125.73 
65.602.02 
81.317.21 
63.722.19 
81 . 317.21 

127,187.61 
65.821.97 

127,187.61 

m e  Characteristics for Front -f Reactor 

Volume 1.3 

VOll = VOl3 = 18,932.5 + 4.423.42 + 2.527.67 

= 25,883.58 ft3 

A,,,, = 2,434.67 + 282.33 + 245.67 2,962.67 ft2 

Aj1+2 = Aj2+3 = 315 + 73.5 + 4 2  = 430.5 ft2 

Elev = 48.25 ft 

Aj1+4 = Aj3+6 = 670 + 156.33 = 826.33 ft2 

Elev = 49.25 ft 
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.- 

I 

Aj1+10 = Aj3+12 = 512.80 ft2 Elev 5: 38 ft 

ElevCL VOL = 48.24 ft 

Astee1 = 1,534.71 ft2 

MSteel = 65,602.02 lbm 

Flame Propagation Length = 44’8’’/2 = 22.33 ft 

Characteristic Length = 20.5 ft 

Volume 2 

V012 = 17.969.33 + 2.989 + 1,708 = 22,666.33 ft3 

Aconc = 3,648.44 + 284.67 + 162.67 = 40095.78 ft2 

Ajzj.5 = 610 ft2 Elev = 51 ft 

Aj2+,11 = 48.24 ft2 Elev = 38 ft 

ElevCL VOL = 48.24 ft (neglect room 605 in elev 

calculation) 

Astee1 P 1,336.41 ft2 

Msteel = 57,125.73 lbm 

Flame Propagation Length = 40’8It/2 = 20.33 ft 

Characteristic Length = 2 0 . 5  ft 

Volumes 4.6 

Vol4 = V0l6 = 26,225.17 + 6,057.92 = 32,283.09 ft3 

Aconc = 30025.92 + 2.158.42 = 5,184.34 ft2 

-4+7 = u 6 + 9  = 89.33 ft2 Elev = 57.5 ft 

Aj4+5 = A ~ 5 ~ 6  = 585.25 ft2 Elev 

Aj4+38 = Aj6+38 

51 ft 

= 84 ft2 Elev = 59.5 ft 

ElevCL VOL = 49.26 ft 

Astee1 1,902.35 ft2 

Msteel = 81.317.21 lbm 

Flame Propagation Length = 44’8”/2 = 22.33 ft 
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Characteristic Length = 18.5 ft 

Volume 5 

Vol5 = 25,165.94 ft3 

A,,,, = 4,251.11 ft2 

Aj5+8 = 81.33 ft2 Elev 57.5 ft 

Aj2-+5 = 610 ft2 Elev 51 ft 

Aj5+38 = 84 ft2 Elev 59.5 ft 

Flame Propagation Length = 41’3”/2 = 20.63 ft 

Characteristic Length = 15 ft 

Volumes 10.12 

V0110 = V0112 = 1,194.35 + 13.566.76 + 18,890.03 + 213.05 

+ 4,961.65 + 728.33 = 51.163.92 ft3 

Aconc = 2.855-83 + 1,865 + 2,150.5 + 25.62 + 615.36 

+ 1,427.17 = 8,939.48 ft2 

Aj10+ll = A311+12 = 174.92 + 224.58 + 67.72 = 467.22 

Elev = 11.61 ft 

Flame Propagation Length = 5912iB/2 = 29.58 ft 

Characteristic Length = 59i2ii = 59,17 ft 

There are differences in the elevation of the volume and 
the junction area from those values in the model. These 
calculations represent a best estimate of the volume 
weighting due to the front pipe barrier space removing 
volume in the upper portion of volumes 10, 12, and 11 (see 
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below) and the cross-sectioned area between volumes after 
removing the pipe barrier space. 

Volume 11 

Volll = 12,804.10 + 10.808.63 + 2.820.09 

= 26,432.82 ft3 

Msteel = 65,821.97 lbm 

Flame Propagation Length = 53'4'l/2 = 26.67 ft 

Characteristic Length = 53'4" = 53.33 ft 

See note above in Volumes 10 and 12. 

6) Reactor Building Rear (Volumes 7, 8. 9, 13, and 15) 

Because of the complexity of the calculation, we will go 
down one level at a time and calculate the partial volumes, 
areas, and elevations for all volumes at each level. At 
the end, we will add up the partial characteristics to get 
totals for each volume. 

6a) Level 1 5 0 i + 5 8 . 5 '  
Shelf 

Ir - 12  c. 

f 
41'4'' 

f 
4 3  I 10" 

Volumes 7.9 

Vol7.9 = 43'101' x 49' x 8 . 5 '  + 2' x 1/2 x 4' x 43' 10" 

= 18,431.92 ft3 

A,,,, = (2 x 43'10" + 49' + 21') x 8.5'-43'10" x 2' 

+ 2 x 2 ' ~  43'10''+2' X 2' + (49'-44.5') x 43'10'' 
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+ 4 9 '  X 4 3 ' 1 0 " =  3 ,776 .91  f t 2  

A j 7 4  = A j ~ + g  = 2 8 '  x 8 . 5 '  = 238 f t  E l e v  = 54 .25  f t  

ElevCL VOL = 54 .25  f t  

V o l u m e  8 

V o l e  = 4 1 ' 4 ' "  x 2 8 '  x 8 . 5 '  + 1 / 2  x 2 '  x 4 '  x 41 '4 ' '  + 2 '  

x 2 6 . 5 '  x 2 '  + 4910.66 = 1 5 , 0 1 8 . 3 3  f t 3  

- 2 '  X 4 1 ' 4 "  + 2 , 0 8 1  + 2 X 2 '  X 2 6 . 2 5 ' - 2 '  x 2 6 . 2 5 '  

+ 2 IC 2 '  X 2 '  = 4 , 0 8 4 . 1 7  f t 2  

ElevCL VOL = 54 .25  f t  

I n c l u d e s  Room 604 on r o o f  p l u s  2 '  x 26 .25 '  j u n c t i o n  t o  main 
p a r t  o f  Volume 8 .  Room 604 is 42 '4 ' )  x 1 4 ' 6 t 1  x 8 '  high. 

6 b )  L e v e l  2 4 3 '  1011-*50i 

- 
7 

Volumes 7 .9  43 ' 10" 41'4" 

= 43'10 ' '  X 4 4 . 5 '  x ( 5 0 ' - 4 3 ' 1 0 ' ' )  = 1 2 , 0 2 8 . 6 0  f t 3  v017 , 9 

Aconc = ( 4 4 . 5 '  + 1 6 . 5 '  + 2 X 4 3 '  10'") X ( 5 0 ' - 4 3 ' 1 0 " )  

= 916.78  f t 2  

E l e v  = 46 .92  f t  

ElevCL VOL = 46.92 f t  

Volume 8 

V o l e  = 2 8 '  x ( 5 0 ' - 4 3 ' 1 0 ' ' )  x 4 1 ' 4 "  = 7 ,136 .89  f t 3  

A,,,, = 2 x 4 1 ' 4 "  X ( 5 0 ' - 4 3 ' 1 0 " )  = 509.78 f t 3  
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ElevCL VOL = 46 .92  f t  

6 c )  Level 3 38 ‘8”-*43 ‘10” 
43 10” 41’4” 

3 & \  
r -  )I 

ave. s lope  

Volumes 7 , 9  

18.75’ /&‘I1 
2 ‘1” 

40 ’ 8” 

Vol7.9 = 43I1Ott x 4 6 ’ 9 ”  x ( 4 3 1 1 0 0 t - 3 8 ’ 8 t 1 )  = 1 0 , 3 8 7 . 5 7 6  f t 3  

Aconc = ( 4 6 ’ 9 ”  + 1 8 . 7 5 ’  + 2 X 4 3 ’ 1 0 ” )  X (43 ’10” -38’ ’ )  

= 791 .36  f t 2  

A37+8 = A ~ 8 + 9  = 2 8 ’  X (43’10’’ -38’8’ ’ )  = 144 .67  f t 2  

E l e v  -- 41 .25  f t  

Volume 8 

V o l e  = ( 4 1 ’ 4 ”  x 2 8 ’  - 4 0 ’ 8 ”  x 2 ’ 1 ”  ) x ( 4 3 ’ 1 0 ”  - 38’8 ’ ’ )  

= 5 , 5 4 1 . 8 2  f t 3  

A c O n c  = ( 2  x 4 1 ’ 4 ”  + 2 x 2 ’ 1 ” )  x ( 4 3 ’ 1 0 ” - 3 8 ” )  + 2 ’ 1 ’ ’  

x 4 0 ’ 8 ”  = 533 .36  f t 2  

ElevCL VOL = 41 .25  f t  

L e v e l  4 2 2 +3 8 8 

41‘4” 43 10” 

d d- $ 

17  Rear p ipe  
b a r r i e r  space 
top  a t  -38‘ 
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Volumes 7 .9  

v017 . 9 = 43 '10 ' '  x 4 9 '  x 8 "  = 1.431.89 f t 3  

Aeon, = ( 2  X 4 3 '  10" + 4 9 '  + 2 1 ' )  X 8 "  + 2 x ( 4 9 ' - 4 6 ' 9 " )  

= 1 0 9 . 6 1  f t 2  

AJ7+8 = Aj8+9 = 2 8 '  x 8 "  = 1 8 . 6 7  f t 2  E l e v  38.33 f t  

Aj7+13 = Ajg+15 = 4 9 '  X 4 3 ' 1 0 "  -742 .91  = 1 , 4 0 4 . 9 2  f t 2  

E l e v  = 38 f t  

ElevCL VOL = 38.33 f t  

Volume 8 

V o l e  = (41 '4 ' '  x 2 8 ' - 2 ' 1 "  X 4 0 ' 8 " )  X 8 "  = 715.07 f t 3  

A,,,, = ( 2  X 41 '4 ' '  + 2 X 2 ' 1 ' ' )  X 8 "  = 57 .89  f t 2  

= 4 1 ' 4 ' '  x 2 8 ' - 2 ' 1 "  x 4 0 ' 8 " - 2  x 153 .13  = 766 .35  f t 2  AJ8+14 

E l e v  = 38 f t  

ElevCL VOL = 38.38  f t  

24.5 '  
3 5 . 5 '  

Volumes 13 15 

VOll3,lf; = 4 3 ' 1 0 "  X 4 9 '  X ( 3 8 ' - 2 2 ' ) - 1 6 '  x 742 .91  

= 22,218.77  f t 3  

A,,,, = ( 2  x 4 3 ' 1 0 "  + 4 9 '  + 21') X 16' = 2 , 5 2 2 . 6 7  f t 2  

E l e v  = 30 f t  
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ElevCL VOL = 30 ft 

Volume 14 

Voll4 = (41'4'' x 28b-2'1B8 x 40'8Il) x 16'-16'x[2 x 153.131 

= 12.261.62 ft3 

1'+22' 
4 3  I10" 

40 8'' 
Volumes 13,15 

6e) Level 5 

41' 

1 7  Bottom at 
8 ' 3'' 

Vol13.15 = 43I1Obt x 41' x 21'-742.91 x (221-813n) 

= 27,525.49 €t3 

Aconc = (2 x 43'10" + 13' + 41') x 21' + 8' x 43'10" X 2 

= 3,676.34 ft2 

A~13+14 = A~14+15 = 7'3" x (28'-2'1'') + 28'-2'1"-6"-7.735') 

X (22'-8'3") = 187.90 + 167.50 = 355.4 ft2 

Elev = 9-57 ft 

ElevCL VOL = 10.15 ft 

Volume 14 

Voll4 = (411418 x 28'-2'18t x 40'811) x 211-(221-813u) x 2 

x 153.13 = 18.313.758 €t3 

= 41'4" x 21' + 41'4" x 7' 3'' = 1,167-67 ft2 

ElevCL VOL = 10.67 ft 
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3 2 '  6f) Level 6 -l+l' 

I 
26 '  Volume 13 

Vollg = 17' x 44'4'' X 2' 

A4 -. 
41'4'' 34 '4" 

? 
44 ' 4'' 

+ 2 5 '  X 44'4'' X 2' = 3,724 ft3 

17' 

2 5 '  

Aconc = (4 X 44'4" + 2 X 17' + 2 5 '  + 2'1" + 8') X 2 '  

= 492.83 ft2 

AJ13+14 = 14' 11" x 2 '  = 29.83 ft2 Elev = 0 '  

ElevCL VOL = 0 '  

Volume 14 

Vol14 = 41'4" x 5.5' x 2 '  + 2 x 2 '  x 9'5'' x 3.5' + 1'3'' x 

(28' X 13.5' + 26' X 3') -- 586.5 + 570 = 1,156.5 ft3 

Aconc = 2 X (28' + 16.5') X 1'3'' + 2' X (2 X 41'4'' 

+ 2 X 9'5'')+ (28'-2'1'') X 41'4'' -456 = 930.47 ft2 

k a t e r  = 13.5' X 28' + 3' x 26' = 456 ft2 

ElevCL VOL = 0.185 ft 

At this level, we add the general floor area and subtract 
the area of the water. 

Volume 15 

Vol15 = 44'4'' x 49' x 2 '  = 4,344.67 ft3 

A,,,, = (2 X 44'4" + 49' + 2'1'' + 32') X 2' = 343.5 ft2 

AJ14+15 = 29.83 ft2 Elev = 0' 

ElevCL VOL = 0 '  
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6g) Level 7 -9 ’ -b- 1 ’ 

4 9 ’ j  

r- 

- 
9.5 

22.5 

P 

- 
I 

, k 
‘ 1 7 ’  

2 5 ’  

44 I 4” 41’4” 

Volume 13 

Vol13 = (44’4’’ x 17’ + 44’4” x 25’) x 8 ’  = 14,896 ft3 

Aconc = 14 x 44’4” + 2 x 17’ + 2 x 251-5’-(17’-2t11’ ) I  
X 8’ = 1,931.33 ft2 

ElevCL VOL = -5 ft 

A~13+14 = 5’ x 8’ + (17’-2’1’’) x 8’ = 159.33 ft2 

Elev = -5 ft 

Volume 14 

Vol14 = [41’4b1 x 5 . 5 ’  + 2 x 3 . 5 ’  x 9’5bb + 4li4Ii x 5’ 

+ (41’4”-10’) x 4.5’1 x 8’ = 5,127.33 ft3 

Aconc 0 (4 X 41’4” + 2 x 4.5’ + 2 x 9’5’’) X 8’ + 5’ X 4 1 ’ 4 ”  

+ 4 . 5 ’ X  (41’4” -10’) = 1,894.34 f t 2  

A~14+15 = ( 5 ’  + 17’-2118i) x 8 ’  = 159.33 ft2 Elev = -5 ft 

ElevCL VOL = -5 ft 

At this level, we add the rear ceiling. 

Volume 15 

Vol15 = 49’ x 4 4 ’ 4 ”  x 8’ P 17,378.67 ft3 

Aco,c = [ Z  x (49’ + 44’4’’)-5’-17’ + Z’l”] x 8’ = 1,334 ft2 

ElevCL VOL = -5 ft 
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17' 

25' 

Volume 13 

Voll3 (17' + 25') x 44'4" x 7' = 138034 ft3 

Aconc = [4 x 44'4'' + 2 IC (17' + 25') -5D-(17'-211'')] 

X 7' = 1.689.92 ft2 

A~13+14 = 5 '  X 7' + (17'-2'1") X 7' = 139.42 ft2 

Elev = -12.5 ft 

ElevCL VOL = -12.5 ft 

Volume 14 

Voll4 = (41'4'' x 9'10" + 2 x 3.5' x 5'1" + 41'4" x 5 '  

(41'4" -10') x 4.5') X 7' = 5,527.86 ft3 

Aconc = (4 X 41'4'' + 2 X 5'1" + 2 X 4.5') X 7' 

= 1,291.5 ft2 

A ~ 1 4 ~ 1 5  = 7' X 5 '  + 7' X (17'-2'1") = 139.42 ft2 

Elev = -12.5 ft 

ElevCL VOL -12.5 ft 

Volume 15 

Vol15 = 49' x 44'4'' x 7' = 15,206.33 ft3 

A,,,, = [2 x (49' + 44'4") -5'-(17'-2'1")3 x 7' 

= 1.167.25 ft2 



6i) Level 

49 

5 ’  

d 

44 ’ 4” 41’4” 2.5 ’  
7 ’ 8 ”  

UNI-4 4 3 1 

c 

Volume 13 

Vol13 = 1’ x 4 4 ’ 4 ”  x (25’ + 17’) = 1.862 ft3 

Aconc = 1’ IC [4 X 4 4 ’ 4 ”  + 2 X (17’ + 25’) -5’-(17’-2’1’’)] 

+ 4 9 ’ ~  44’4” = 2.413.75 ft2 

A~13+14 = 1’ X 5 ’  + 1’ x (17’-2’1”) = 19.92 ft2 

Elev = -16.5 ft 

ElevCL VOL = -16.5 ft 

At this level. we add a l l  the f l o o r .  

Volume 14 

Voll4 = 1’ x 5’ x 41’4” + 1’ x 4 . 5 ’  x (41’4”-10’) 

+ l’x (17”2’1’’) x 41’4” + 1’ X 2.5’ X 26’ 

= 1,029.22 ft3 

A,,,, = ( 4  x 41’4” + 2 IC 4.5’ + 2 x 2.5’) x 1’ + 5’ x 41’4” 

+ 4.5’1~ (41’4’’-10’) = 527.0 ft2 

A~14+15 = 1’ IC 5 ’  + 1’ IC (17’-2’1”) = 19.92 ft2 

Elev = -16.5 ft 

ElevCL VOL = -16.5 ft 

At this level. we add the rear floor. 

Volume 15 

Vol15 = 49’ x 44’4” x 1’ = 2.172.33 ft3 
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A,,,, [2 X (49' + 44'4'')-5'-(17'-2'1'')] X 1' 

+ 49' x 44'4''= 2,339.08 ft2 

Elev CL vol = -16.5 ft 

At this level, we add all t h e  f l oor ,  even the portion at 
the 1' level. 

6j) Level 10 -1 9.5 ' +- 17 ' 

39 '  

\ 

14.5' 

10.5' 

Volume 13 

Voll3 = 42'8" x (14.5' + 10.5') x 2.5' = 2,666.67 ft3 

Aconc = (4 X 42'8'' + 2 x 14.5' + 10.5') x 2.5' 

= 525.42 ft2 

Aj13+l4 = 2.5' x 10.15' = 26.25 ft2 Elev I -18.25 ft 

ElevCL VOL = -18.25 ft 

Volume 14 

Vol14 = 41t4ttx14'x2.5' = 1,446.67 ft3 

A,,,, = (2 x 41'4'' + 1'3" + 2'3'' + 1') X 2.5' + (14'-5.5') 

x 41'4'' -2 x 3.5' x 9 ' 5 ' '  = 503.34 ft2 

Aj14-,15 = 2.5' x 13' = 32.5 ft2 Elev = -18.25 ft 

ElevCL VOL = -18.25 ft 

At this level, we add the ceiling under the overhanging sump. 

Volume 15 

Voll5 = 39' x 42'8" x 2.5' = 4,160 ft3 

A,,,, = (2 x 42'8'' + 39' + 26') X 2.5' = 375.83 ft2 
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ElevCL 

6k) L e v e l  

33 ' 9'' 

VOL = -18.25 f t  

11 -21 '2 ' '+-19.5 '  

e 22'  

42 '4 ' '  41'4" 

V o l u m e  1 3  

Vo l13  = 42 '4 ' '  x ( 1 0 . 5 '  + 7 ' )  x ( 2 1 ' 2 " - 1 9 . 5 ' )  

= 1 .234 .72  f t 3  

A,,,, = [ 4  x 4 2 ' 4 "  + 2 X ( 1 0 . 5 '  + 7 ' ) - 7 ' )  X ( 2 1 ' 2 ' '  - 1 9 . 5 '  ) 

= 328.89  f t 2  

AJ13+14 = 7 '  IC ( 2 1 1 2 b 1 - 1 9 . 5 ' )  = 11 .67  f t 2  E l e v  = -20 .33  f t  

ElevCL VOL = -20 .33  f t  

V o l u m e  1 4  

V o l l q  = 4 1 ' 4 "  x 1 4 '  IC ( 2 1 ' 2 " - 1 9 . 5 ' )  = 964 .44  f t 3  

A c o n c  = (2 x 4 1 ' 4 "  + 4 ' 9 " + 2 ' 3 ' '  + 2 . 2 5 ' )  X ( 2 1 ' 2 ' ' - 1 9 . 5 ' )  

= 153.19  f t 2  

~ J 1 4 + 1 5  = ( 3 3 1 9 1 ~ - 2 2 ' )  x (21 '2 ' '  - 1 9 . 5 ' )  = 19 .58  f t 2  

E l e v  = -20 .33  f t  

ElevCL VOL = -20.33 f t  

V o l u m e  15 

V o l 1 5  = 3 3 ' 9 "  x 4 2 1 4 8 '  x ( Z 1 ' 2 n - 1 9 . 5 1 )  = 2 , 3 8 1 . 2 5  f t 3  

A c o n c  = ( 2  x 42'4 ' '  + 3 3 ' 9 "  + 2 2 ' )  x ( 2 1 ' 2 ' ' - 1 9 . 5 ' )  

= 234.03 f t 2  

ElevCL VOL = -20 .33  f t  

A - 5 1  
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61) Steel 

Msteel = 788.521.8 lbm 

Because we do not know the exact distribution of steel, we 
will apportion the steel by volume ratio. The totals are 
from Reference 5. 

Volume Area (ft2) Mass (lbm) 

7 
8 
9 

13 
14 
15 

1,944.35 
1.295.48 
1,944.35 
3,996 -45 
2.097.45 
4.372.94 

97,959.33 
65 , 268.24 
97,959.33 

201.347.62 
105,672.96 
220,315.75 

6m) Summary of Volume Characteristics for Rear of Reactor 
Bui Id ing 

Volumes 7.9 

Vol7 = Volg = 18,431.92 + 12.028.60 + 10.587.58 

+ 1.431.89 = 42,485.40 ft3 

Aconc = 3.776.91 + 916.78 + 791.36 + 109.61 

= 5,594.66 ft2 

AJ7j13 = A ~ 9 ~ 1 5  z 1,404.92 ft2 Elev = 38 ft 

A ~ 7 + 8  A ~ 8 j 9  = 238 + 172.67 + 144.67 + 18.67 

= 574.01 ft2 Elev = 48.25 ft 

ElevCL VOL = 48.39 ft 

&tee1 = 97.959.33 lbm 

Flame Propagation Length P 49’/2 = 24.5 ft 

Characteristic Length = 20.5 ft 

Volume 8 

Vola = 15.018.33 + 7.136.89 + 5.541.82 + 715.07 

= 28,412.11 ft3 

A,,,, 4,084.17 + 509.78 + 533.36 + 57.89 = 5.185.2 ft2 
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Aj8+14 = 766.35 ft2 Elev = 38 ft 

ElevCL VOL = 48.47 ft (neglect room 604 in elevation 

calculation) 

Astee1 = 1,295.48 €t2 

Msteel = 65,268.24 lbm 

Flame Propagation Length = 41’4”/2 = 20.67 ft 

Characteristic Length = 20.5 ft 

Volume 13 

Vol13 = 22,218.77 + 27.525.49 + 3,724 + 14,896 + 13.034 

+ 1,862 + 2.666.67 + 1,234.72 = 87,161.65 ft3 

Aconc = 2.522.67 + 3,676.34 + 492.83 + 1,931.33 + 1,689.92 

+ 2,413.75 + 525.42 + 328.89 = 13,581.06 ft2 

AJ13+14 = 194.91 + 355.40 + 29.83 + 159.33 + 139.42 

+ 19.92 + 26.25 + 11.67 = 936.73 ft2 

Elev = -10.70 ft 

Elev CL vol = 6.93 ft 

Asteel = 3,996.45 ft2 

Msteel = 201,347.62 lbm 

Flame Propagation Length = 59t28t/2 = 29.58 ft 

Characteristic Length = 59’2’’ = 59.17 ft 

See note on Volume 14. 

Volume 14 

vOll4 = 12,261.62 + 18,313.76 + 1,156.5 + 5,127.33 + 5.527.86 

+ 1.029.22 + 1,446.67 + 964.44 = 45,827.40 ft3 

Aconc = 661.33 + 1,167.67 + 930.47 + 1,894.34 + 1,291.5 

+ 527.0 + 503.34 + 153.19 = 7,128.83 ft2 
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AJ14+15 = 194.91 + 355.40 + 29.83 + 159.33 + 139.42 

+ 19.92 + 32.5 + 19.58 = 950.0 ft2 Elev = -10.83 ft 

h a t e r  = 456 ft2 

ElevCL VOL = 8.85 ft 

Astee1 2,097.45 ft2 

Msteel = 105,672.96 lbm 

Flame Propagation Length = 59I2l1/2 = 29.58 ft 

Characteristic Length = 591281 = 59.17 ft 

The concrete area is less than in the model due to the 
area of the water not being subtracted originally. 

The elevation of the volume is less than in the model due 
to the weighting of the upper part being reduced due to 
subtracting out the rear pipe barrier space. In the 
original model, the volume was subtracted, but the correct 
weighting was not calculated (see a160 volume 15 below and 
volume 13 above). 

Volume 15 

Vol15 = 22,218.77 + 27,525.49 + 4,344.67 + 17,378.67 

+ 15,206.33 + 2,172.33 + 4,160 + 2,381.25 

= 95,387.51 ft3 

A,,,, = 2,522-67 + 3,676-34 + 343.5 + 1,334 + 1,167-25 

+ 2,339.08 + 375.83 + 234.03 = 11,992.65 ft2 

Meteel = 220,315.75 lbm 

Flame Propagation Length = 59’2”/2 = 29.58 ft 

Characteristic Length = 5g12” = 59.17 ft 

See note on volume 14. 
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APPENDIX B 

INPUT LISTING FOR BASE CASE 
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! INITIAL NAMELIST TYPE INPUI' 
m = 9  
amm = CRAY 
$ END OF NAMELIST INPUT 

! PROBLEM GECMETRY AM) 03NTAIIWEW DESCRIPTION 

N REL\cToR BASE CASE 15 WL$ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THIS IS A 15 W I L W  DECK USED FOR SCUPING m T I O N S  OF 
03MBUSTION RESPONSE AT N REACTOR 

ALL SI UNITS 

15 ! NCMBER OF aMPfWIMENTS 
! 
! FOR EACH aMPARWE3T: AN ID, 'THE VOLW (M**3), ELEVATION (MI, FLAME 
! PROPAGATION LFNXH (M) , W E R  OF SWACES,  AND INT'FGERS 
! SPECIFYING W I C H  S W  To IXMP EXCESS WTER (FRM SUPERSAWRATION) 
! INlo ANDWICH S W  'THE SPRAYS FALL INID. 

c1- E X O r n L D  
11243. 9.9 19.8 4 1 1 
c2 -REmRXI3LD 
11543. 5.7 19.8 4 2 2 
C3-PIPE-GALL 
2749.2 3.01 7.89 3 3 3 

I 

C4 - P I PE-GALL 
1761.2 -2.67 16.0 3 3 3 
C5-PIPE-GALL 
862.34 -2.67 9.14 2 3 3 
C6-PIPE-GALL 
2651.55 -2.67 24.38 3 3 3 
C7-PIPE-GALL 
1920.1 2.38 16.0 2 3 3 

1096.3 2.38 9.14 2 3 3 

2922.94 2.38 24.38 2 3 3 

2090.85 8.06 16.0 2 3 3 

1144.58 8.06 9.14 2 3 3 
C12-PIPE-GALL 
3118.53 8.06 24.38 2 3 3 
c13-PRES-PENT 
1189.15 18.21 7.32 1 3 3 
C14-6SG-Au;ricELLS 
45067. 3.32 15.24 3 3 3 

C8-PIPE-GALL 

c9 - P I PE-GALL 

C10-PIPE-GALL 

C11-PIPE-GALL 
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C15 - F I L'TERBID 
3881. 8.35 141.3 2 0 0 
I 

1 

1 

I 

1 

! 
! 
1 
! 
1 

I 

I 

1 

2 
1 

1 

1 

3 
$ 
I 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

I 

FOR EAM S W :  S W  MMBER,  M4XIMMWLtME (M**3), S W  NWf3ER ?HAT 
?HIS S W  (MBFwbm TO 

S W  1 IS UNDENEAlH ?HE ELEVATOR IN F R N  RX B L E .  WEN IT FILLS 
WTEEt FILM6 OM0 THE FID3R AND INIO DRAINS. IT IS FUMAED FRCM 'IHE RX 
B E .  
16.9 0 
S W  2 IS  THE BANANAMALL. IT HAS AVERY IARGE W M  SINCE IT 
CDNNECTS TO THE FUEL po0L;HDMXER W NEGLECT ?HAT HERE AND m T E  
THE W L W  IN THE CAVITY ONLY. SINCE IT (MBFwbm THE WTER GOES 
TO THE DRAINS AND I S  FUMAED FRCMTHE RX BLa3, THE E F m  IS ?HE SAME 
As I F W  I N C R E A S E D T H E W L W B U T D I D ~ ~ I T T O ? H E R O [ X I ~ ~ .  
413. 0 
'THERE ARE 6 S W S  W I C H  WE TREAT AS 1. ?HIS W L W  IS LARGER THAN 
?HE REAL WL=1497 SINCE WE W THE Q3DE To CONTINUE TO SUBTRACT ?HE 
W L W O F W T E R F R C M T H E F G A N D S G W L W S .  
3000. 0 

FOR EACH SURFACE: TYPE OF SURFACE, M4SS OF SURFACE (KG), AREA OF 
SURFACE (M**2), CHARACTERISTIC LENGTH (MI, SPECIFIC HEAT (J/KG/K), 
EMISSIVITY, INEE€3 JNDICATINGWI~ SlMP THE 02ADENSATE GOES INK). 
FOR SLABS (STYPE = 11, THE NCMBER OF MYERS IN THE SURFACE, AND 
EACH, THE THICXNFSS (MI, WERM4L DIFFUSIVITY (M**2/S), AND THERM4L 
03MXKJTIVITY (W/M/K). FINALLY, THE NODING INFQRM4TION AND XIUNlXRY 
CONDITIONS ARE SPECIFIED (0's INDICATE H E m W I L L  -NE 
THE VALUES INERNALLY). NOIE ?HAT SCME OF THE NUMBERS SET TO 1. 
ARE Ncrr USED FOR WAT SURFACE TYPE. 

c1 SURFACES 

S W l  
3 15000. 24.55 4.16 1. .94 1 
OoX1 
1 1. 4143.3 24.3 1. .9 1 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
CDNClH 
1 1. 139.8 9.1 1. .9 1 
1 
.3 1.6E-6 2.39 
0 0 .  -1 .  477. 
STEEL1 
2 333336. 1597. 1. 531.7 .7 1 

! C2 SURFACES 

s w 2  
3 400800. 42.6 5.03 1. .94 2 

I 
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oDNc2 
1 1. 4438.6 24.3 1. .9  2 
1 
. 3  1.6E-6 2.39 
0 0. 0. 0. 
Q>Nc2H 
1 1. 139.8 9 .1  1. .9  2 
1 
. 3  1.6E-6 2.39 
0 0 .  -1. 505. 
STEEL2 
2 357665.6 1454. 1.  531.7 . 7  2 
! 
! c3 SURFAclES 

s w 3  
3 7515. 47.38 1 .83  1. .94 3 
mNc3 
1 1.  1151. 15.78 1. . 9  3 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0. 
STEEL3 
2 76819.5 312. 1.  531.7 . 7  3 

! C4 SURFACES 

SIMP4 
3 15030. 94.77 1.83 1. .94 3 
mNc4 
1 1. 591.6 4.42 1 .  .9  3 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0. 
STEEL4 
2 137122.8 556.98 1.  531.7 . 7  3 

I 

I 

I 

I 

! C5 SURFACES 
! 
03Nc5 
1 1 .  356.74 4.42 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0. 
STEEL5 
2 78355.9 318.27 
! 
! C6 SURFACES 

S W 6  
3 22545. 142.15 1 
03NC6 

I 

1. .9  3 

1 .  531.7 . 7  3 

.83 1 .  .94 3 

1 1. 886.96 4.42 1. . 9  3 
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1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL6 
2 208949. 848.73 1. 531.7 .7 3 

! c7 SURFACES 

m 7  
1 1. 526.22 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL7 
2 8066. 32.76 1. 531.7 .7 3 

! C8 SURFACES 

C D T 8  
1 1 .  276.43 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL8 
2 4609.2 18.72 1. 531.7 .7 3 

! c9 SURFACES 

ooNc9 
1 1. 763.9 5.68 1. .9 3 

1 

I 

I 

1 

1 

1 

1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL9 
2 12291. 49.93 1. 

! C10 SURFACES 
! 
03NC10 
1 1. 896.75 5.68 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL 1 0 

I 
531.7 .7 3 

. .9 3 

2 16132.1 65.53 1 .  531.7 .7 3 

! C11 SURFACES 

mK11 
1 1. 307.1 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  

1 
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STEEL1 1 
2 9218.3 37.44 1. 531.7 . 7  3 

! c12 s w m s  
! 
m 1 2  
1 1. 1261.63 5.68 1. .9 3 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0 .  
STEELl 2 
2 24582.2 99.85 1. 531.7 . 7  3 

! c13 s w m s  
03NC13 
1 1. 543.8 14.6 1. .9 3 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0 .  

! C14 SURFAES 

S W 1 4  
3 45090. 284.3 1.83 1. .94 3 
03NC14 
1 1. 14810.7 15.4 1. .9 3 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0 .  
STEELl 4 
2 1282600. 5364.1 1. 531.7 .7 3 

! C15 SURFACES 

CDNC15 
1 1. 1742.7 68. 1. .94 0 
1 
. 3  1 . 6 E - 6  2.39 
0 0 .  0 .  0 .  
STEELl 5 
2 243071.5 4907.3 1. 531.7 .7 0 
! 

! 03NTAIMMENT LEAKAGE INFORM4TION 

I 

1 

1 

I 

I 

1 

1 

I 

I 

! N[h.IBER OF LEAKS, NCMBER OF PRESSURE AND TEMPERA?uRE-DEPENDENT 
! LEAKAGECURVES 

! NOL NOP hwr 
13 1 0 

! LEAK 03LIPAR?MENT, TEMpERA.-DEPENENT LEAKAGE OURVE, PRESSURE- 

1 

! DEPENDENT LEAKAGE CURIE, CDWAIIWEIW FAILURE FLAGi, CONTAINVENT 
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! FAILURE CRITERION, 03NTAIiWEtW FAILURE AREA (M**2), LEAK ELEVATION 
! (MI, LEAK LOSS mEFFICIENT, L/A FQR LEAK (1/M) 
! 
! OCMP TOJRVE PClJRVE NCF CRIT AREA Z J I  FLI LA 
! FILTERED RELEASE To OUTSIDE. 

! LEAKS FRCMsGcEms. 
15 0 0 1 0 .  14.3 61.6 1.0 .01 

14 0 0 1 0 .  .187 -4.9 17.14 .01 
14 0 0 1 0 .  -005 10.7 1.0 .01 

! VA(xRMBREAKER FOR Rx BLDG. 
1 0 -1 0 -1723. 1.3 17.8 1,6 .01 

! VENT OPENS AT -1723 DIFF PRESS FULL OPEN AT -3446 
! REGULAR STEAMVENT I N  RX B L E  C1. 

! VENT CLOSES AFIER 2 I N W  PRESSURE + 150 SEC. 
I OPEN CLOSE OPEN TYPE CLOSE TYPE 
I TRIP TRIP TABLE TABLE TABLE TABLE 

! LEAK FRCM FG To (WTSIDE. 

! REGULAR STEAA4 VENTS I N  PG C3(2). 

! VENT CLOSES AFIER 2 I N W  PRESSURE + 150 SEC. 
I OPEN CLOSE OPEN TYPE CLOSE TYPE 
I TRIP TRIP TABLE TABLE TABLE TABLE 

! REGULAR STEAMVENTS I N  PG ClO(4). 

! VENT CLOSES AFTER 2 I N W  PRESSURE + 150 SEC. 
I OPEN CLOSE OPEN TYPE CLOSE TYPE 
I TRIP TRIP TABLE TABLE TABLE TABLE 

! RE%uLAR STEAMVENTS I N  FG C12(7). 

! VENT CLOSES AFTER 2 I N W  PRESSURE + 150 SEC. 
I OPEN CLOSE OPEN TYPE CLOSE TYPE 
I TRIP TRIP TABLE TABLE TABLE TABLE 

! V A W  BREAKER I N  FG. 

! LEAE; FRUvl REAR Rx BLCG. 

! LEAK FRUvl FXOLNI' RX BLCG. 

! SPECIAL STEAMVENT IN Rx BLCG. 

- ! OPEN CLOSE OPEN TYPE CLOSE TYPE 

1 0 0 5 115111. 2.63 17.8 1.74 .01 

23 19 4 1 6 1 

6 0 0 1 0 .  .003 -4.9 1.0 .01 

3 0 0 5 115111. 5.26 10.9 3.01 -01 

24 19 4 1 6 1 

10 0 0 5 115111. 10.52 10.9 3.01 .01 

25 19 4 1 6 1 

12 0 0 5 115111. 18.41 10.9 3.01 .01 

26 19 4 1 6 1 

10 0 -1 0 -1723. 1.3 10.9 1.6 .01 

2 0 0 1 C l i  .003 12.2 1.0 .01 

1 0 0 1 0 .  .003 12.2 1.0 .01 

1 0 0 5 109941. 2.63 17.8 1.74 .01 

I TRIP TRIP TABLE TABLE TABLE TABLE 
15 13 4 1 5 1 

I 

1 1 
0 .  10. 100. 1000. 1723. 2153.75 2584.5 3015.25 3446. 
1.OE-8 1.OE-8 1.OE-8 1.OE-8 1.OE-8 .325 .65 .975 1.3 
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0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
! 
I 

I 

I 

I 

I 

! 
1 
! 
1 
I 

I 

! 
3 

FLUW JUNCTION LATA: a A 4 P A R m  ID'S, TYPE OF ooNNE(;TION, FLW 
AREA (hP*2), WSS OEFFICIEW, L/A RATIO (l/M). RELATIVE POSITION OF 
ocMpAR?MENIS, AND JUNCTION ELEVATION (MI. 
AEDITIONAL INFCRM4TION I S  PROVIDED FOR JUNCTION TYPE 7 .  

FRm F R W  TO REAR Rx B E .  

To FILTER BLDG FRCM Rx B E  (FILTER VENTS). 
2 1 24.2 1.395 .01 0 17.53 

15 7 7.04 66.26 .01 0 19.74 
OPEN TRIP CLOSE TRIP BIDAN TRIP ABUXN 

OPEN TABLE TYPE TABLE CLOSE TABLE TYPE TABLE 
1 2 3 0 .  

1 1 2 1 
m s  FRm PG To sG&Aux CELLS. 
14 1 47.66 1.0 .01 0 8.32 

10 14 1 95.32 1.0 .01 0 8.32 
11 14 1 47.66 1.0 .01 0 8.32 
12 14 1 142.97 1.0 .01 0 8.32 
! AUX CELL DOOR. 
8 14 1 3.25 2.0 .01 0 2.98 
! OPEN CROSS VDT REAR RX BLDG To PG. 
10 2 1 2.37 2.0 .01 1 15.24 
! VARIABLE CROSS VENT REAR RX B L E  To PG. 
10 2 7 7.11 2.0 
! OPEN TRIP CLOSE TRIP 

! OPEN TABLE TYPE TABLE 

12 2 7 9.47 2 . 0  
! OPEN TRIP CLOSE TRIP 

! OPEN TABLE TYPE TABLE 

9 3 

3 2 

9 3 

3 2 

.01 1 15.24 
BLfhWTRIP ABLfhW 

10 5.52 
CLOSE TABLE TYPE TABLE 

3 2 
.01 1 15.24 
BIDANTRIP ABLfhW 

10 7.36 
CLOSE TABLE TYPE TABLE 

3 2 
! CROSS W BlTlWEEN REAR RX B E  AND PG 
! 16.58 I S  THE FULL OPEN AREA FRCM PG To RX BLEG AND 12.88 
! IS  THE FULL OPEN AREA FRCN RX B E  TO FG. 15513 IS 'IHE DP (PA) 
! To SHEAR THE PIN AND OPEN THE DOOR FRCMRX B E  To PG. 

! S W B I 3 W E N F G A N D S G C E L L S  
! ELEV=-6.4M;AREA=243.24-. 1728*VOL(ADDED) 
! IF  18.54 M**3 AIDED THEN S W  P W S  START .11M**3/S PER SG CELL 
3 14 6 40.54 2 .o  .01 0 -6.4 . I MINVOL W X V O L  S W  BUMOLT 

4 14 6 81.07 2 .o .Ol 0 -6.4 

I 

90 1497.8 3 0 

! MINVOL MXVOL S W  BLUKX-T 
90 1497.8 3 0 

6 14 6 121.61 2 .o .Ol 0 -6.4 
! MINVOL MXVOL S W  BIDAWT 

! FULL JUNCTIONS B m E N  VOLWS IN PG. 
90 1497.8 3 0 

B - 8  



UNI-443 1 

1 

4 5 1 47.15  1 .o 
5 6 1 47 .15  1 .o 
4 7 1 341.41 1 .o 
5 8 1 195.09 1 .o 
6 9 1 520.24 1 .o 
7 8 1 60 .59  1 .o 
8 9 1 60 .59  1 .o 
7 10 1 341.41 1 .o 
8 11 1 195.09  1 .o  
9 12 1 520.24 1 .o 
10 11 1 60.59 1 .o 
11 12 1 60.59 1 .o 
11 13 1 84.54 1 .o 
! JUNCTIONS BEIWEN 3 AND OTHER PG W L .  
3 4 1 2 2 . 9  1 .o  
3 7 1 2 .96  1 .o  
3 10 1 32.21 1 .o 
$ ENDOF JUNCTIONS 
$ No ICE m s E R  
$ NO SUPPRESSION POOL 
$ NO FANS 
$ No FAN 030LER 

1 

! BEAM LENGIH AND V I W  FA(JTOR M4TRICES 
! 
! BEAMLENCr?HS 
1 

6.854734 

6.854734 

6.854734 

6.854734 

6.840296 

6.840296 

6.840296 

6.840296 

6.552734 

6.552734 

6.552734 

5.099385 

5.099385 

33*0.0 

33*0.0 

33*0.0 

33*0.0  

29*0.0 

2 9 * 0 . 0  

29*0.0 

29*0.0  

26*0.0 

26*0.0 

26*0.0 

23*0.0 

23*0.0 

6.854734 

6.854734 

6.854734 

6.840296 

6.840296 

6.840296 

6.552734 

6.552734 

5.099385 

5.099385 

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

.01 

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

0 
0 
1 
1 
1 
0 
0 
1 
1 
1 
0 
0 
1 

0 
0 
0 

6.854734 6.854734 

6.854734 

6.840296 6.840296 

6.840296 

6.552734 

5.099385 

-2 .67  
-2.67 
- .46 
- .46 
- .46 
2.38 
2.38 
5 .22  
5 . 2 2  
5 . 2 2  
8.06 
8 .06  
1 0 . 9  

-2.67 
- .064 

7 . 8  
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4.599079 

5.083277 5.083277 

5.083277 

12.36602 

5.099385 
23*0.0 

4.599079 
21*0.0 

4.599079 
21*0.0 

5.083277 
18*0.0 
5.083277 

18*0.0 
5.083277 

18*0.0 
12.36602 

16*0.0 
12.36602 

16*0.0 
13.37178 

14*0.0 
13.37178 

14*0.0 
12.92971 

12*0.0 
12.92971 

12*0.0 
7.8221 10 

10*0.0 
7.822110 

10*0.0 
11.95939 
8*0.0 
11.95939 
8*0.0 
8.245959 
6*0.0 
8.245959 
6*0.0  
7.872269 
5*0.0  
7.930065 
2*0.0 
7.930065 
2*0.0 
7.930065 
2*0.0 
2.100992 2.100992 
2.100992 

I 

! VIEW F A O R S  
I 

13.37178 

12.92971 

7.822110 

11.95939 

8.245959 

7.930065 7.930065 

7.930065 

0.0000000E+00 0.7046309 2.3775108E-02 0,2715940 
33*0.0 

33*0.0 
0.7016890 2.3675844E-02 0.2704601 
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2.3675842E-02 
33*0 .O 
0.2704601 
33*0 .O 
O.OOOOOOOE+OO 
29*0.0 
0.7305974 
29*0 . O  

29*0.0 
0.2393296 
29*0.0 
0.0000000E+00 
26*0.0 
0.7612606 
26*0.0 
0.2063538 
26*0.0 
0.0000000E+00 
23*0.0 
0.4725720 
23*0.0 
0.44491 74 
23*0.0 
0.5284958 
21*0.0 
0.4715042 
21*0.0 
0.0000000E+00 
18*0.0 
0.4691618 
18*0.0 
0.4489399 
18*0.0 
0.9413933 
16*0.0 

16*0 . O  
0.9365746 
14*0.0 

14*0.0 
0.9386481 
12*0.0 
6.1351895E-02 
12*0.0 
0.9319013 
10*0.0 
6.8098724E-02 
10*0 .o 
0.8913333 

8*0.0 
0.1086667 

2.3011200E-02 

5.8606744E-02 

6.3425362E-02 

*- 

0.2704601 

0.7357934 2.3174856E-02 0.2410318 

2.3011198E-02 0.2393296 

0.2393296 

0.7867396 0.2132604 

0.2063539 

0.5150708 0.4849292 

0.44491 74 

0.4715041 

0.51 10129 0.4889871 

0.4489399 

5.8606748E-02 

6.3425377E-02 

6.1351877E-02 

6.8098679E-02 

0.1086666 
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1 

I 

2 
I 
1 

I 

2 

! 

1 

1 

I 

8*0.0 

6 * 0 . 0  

6 * 0 . 0  
1 . 000000 
5*0.0 

2 * 0 . 0  

2 * 0 . 0  

2 * 0 . 0  

0 .9266607 7.3339306E-02 

7.3339343E-02 

0.0000000E+00 0 .7341224 0 .2658775 

0 .7237772  0 .2621308 

0 .2621309  

0 .2620601 0 .7379398 
0 .7379399  

NU43ER OF SPRAY TRAINS 

FOR TRAIN 1 ( I N  RX BLa3 C1 ANDC2). 

SOURCE (3xTvIpARRuIENT, INJECI'JON TEMPERATURE ( K ) ,  FUWRATE (M**3/S), 
NlMBER OF DROP SIZES; FOR EACH DROP SIZE: FREQUENCY AN0 DIAMETER 
(MICRONS ) 
2 9 3 . 1 5  . 2 6  2 

. 4 9  

. 5 1  

2 293 
.65  
. 3 5  

1 

I 

1 

1 

$ 
! 
1 
2 
$ 
! 
! 
I 

I 

2 

! 
I 

I 

1 

! 
! 
I 

1 

FOR 

1400.  
1100. 

15 . 2 8  2 
1400. 
1100. 
SPRAY CARRyOvER, THE SOURCE AND RECEIVING m A R m E N r s  AND THE 

FFWTION CARRIED OVER 

SPRAY a M P A R m  AND SPRAY FALL HEIGfIT (MI 
1 2 . 6 5  
2 4 . 1  

SPRAY ACIUATION CRITERIA FOR THIS TRAIN 

MI3 OF TOP-LEVEL CRITERIA I N  "OR" -1GLJRATION 

FOR EAm TOP CRITERIA, NcsvlBER OF 2ND-LEvEL CRITERIA IN "AND" 
CDNFIGURATION, AND FOR EACH 2ND-LEVEL CRITERION, 
Nlh.1BEX OF aMPARTMENTS TO TEST AND, FOR EACH 
W A R =  TO TEST, W E  C E I W A R m  ID AND ?HE PRESSURE (PA) 
AND TEMPERATURE (K) SElpolNTS. FINALLY, THE NcMBER OF 
(xMpAR?MENTS TMT MIST MEET ?HE SETPOINTS FOR THE CRITERIA 
To BE MET 
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"- 

! TEST QMpAR?MENT 1 AND 2 AND ACTUATE IF EI'IHER I S  TRUE "OR". 

! TEST WAR'IMENT 1 FOR 10 I N W .  
1 
1 
1 103813.3 0 .  
1 
! TESTCUWAFNENT 2 FOR 10 I N W .  
1 
1 
2 103813.3 0. 
1 

! DELAY TIME FOR SPRAYS To START AFER AclllATION AND TIE FOR 
! SPRAYS TO RUN AFTER STARTING 
44. 1.OE10 

1 

I 

EI)R TRAIN 2 (IN PG C3,ClO,Cll, ANDC12). 

r\RMBER OF SCXRCE WAR?MENTS 

SOURCE (IxIpAR?MENT, INJFCI'ION TEMPERATURE ( K ) ,  FUNRATE (M**3/S), 
W E R  OF IXOP SIZES; FOR EA!X DROP SIZE: AND DIAMEER 
(MICRONS 
293.15 .0076 1 

1.0 1690. 

10 293.15 .022 1 
1.0 1690. 

11 293.15 .0126 1 
1.0 1690. 
! 
12 293.15 .0337 1 
1.0 1690. 
! FUR SPRAY C4RRYO'LTR, THE SOURCE AND RECEIVING CU'vlPARTvENTS AND ?HE 
! FRACTION CARRIED OVER 

10 7 1.0 
7 4 1.0 
11 8 1.0 
8 5 1.0 
12 9 1.0 
9 6 1.0 
$ 
! SPRAY CM?'~TMEIW AND SPRAY FALL H E I m  (M) 
3 15.8 

.- 4 4.42 
5 4 . 4 2  
6 4.42 
7 5.68 
8 5.68 
9 5.68 

1 

I 

I 
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10 5.68 
11 5.68 
12 5.68 
$ 
I 

1 

I 

! 
2 

! 

! 

I 

1 

1 

I 

1 

! 
1 

I 

! 
1 
2 

SPRAY ACIUATION CRITERIA FOR ?HIS TRAIN 

NWf3ER OF CRITERIA IN "OR" -1GURATION 

FOR EACH TOP CRITERIA, W E X  OF 2ND-LEVEL CRITERIA IN "AND" 
CDhTIGURATION, AND FOR EACH 2ND-LEvEL CRITERION, 
W E X  OF UMpAR?MENTS To TEST AND, FOR EACH 
CXNPAR?MENT To TEST, THE OXPAR= ID AND 'THE PRESSURE (PA) 
AND TEMPERATURE (K) SET'POINTS. FINALLY, ?HE Nu.IBER OF 
UMpARTvENI'S ?HAT MJST MEET THE SITFOINTS FOR 'THE CRITERIA 
TO BE MET 

TEST PG U M p  10 "AND" SG CELLS OR FG OXP 12 "AND" SG CELLS FOR 10 IN 

TEST FG CXMP 10 "AND" SG CELLS 

10 103813.3 0 .  
14 103813.3 0. 
2 
! TEST FG U M p  12 "AND" SG CELLS 
1 
2 
12 103813.3 0. 
14 103813.3 0. 
2 

! DELAY TIME FOR SPRAYS To START AFTER ACIUATION AND TIME FOR 
! SPRAYS To RUN AFTER STARTING 
44. 1.OE10 
! SPRAY m T  EXCHANGER INFORht4TION 
$ No SPRAY RECIRC 
$ No S W  HEAT EXCHAWERS 

500. 100. ! SIMJIATION TIME AND CPU TIME RJ344INING 

! INITIAL CONDITIONS 

! TBULK, PP(1-4), UX 
!TEMP STEAM N2 02 H CDNVGASVEL 

1 

1 

I 

I 

339. 20500. 63850. 16975. 0 .  .3 
339. 20500. 63850. 16975. 0. .3 
322. 9350. 72660. 19315. 0 .  .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0 .  .3 
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322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0. .3 
322. 9350. 72660. 19315. 0 .  .3 
322. 9350. 72660. 19315. 0 .  .3 
322. 9350. 72660. 19315. 0 .  .3 

1 

! INITIAL CDYDITIONS FOR LEAKS 

300. 2798. 77836. 20691. 0. 

! s<wRcEWTA 

! STEAMANDWTEX 
! W, -1 = 03NST. !jCKJRCE T ,  TEMP, S S R C  

8 3 477. 0 

0.0 0 . 0  9.0156E5 
0.1 16349.2 8.9179E5 
0.2 17620.2 8.9225E5 
0.4 18327.8 8.9272E5 
0.6 18465.6 8.9272E5 
1.0 18293.3 8.9295E5 
1.5 18282.4 8.9318E5 
2.0 18141.8 8.9388E5 
3.0 17964.4 8.9807E5 
5.0 17190.2 9.2714E5 
6.0 17003.3 9.5343E5 
7.0 16060.7 9.8529E5 
8.0 14970.3 1.0188E6 
9.0 14533.0 1.0516E6 

10.0 13689.3 1.0814E6 
12.0 11281.7 1.129OE6 
15.0 9411.10 1.1737E6 
20.0 8951.10 1.2221E6 
25.0 7414.40 1.2560E6 
30.0 5597.30 1.2837E6 
35.0 3980.70 1.3405E6 
40.0 2624.50 1.4593E6 
43.6 1808.00 1.4763E6 
45.0 2296.10 1.3707E6 
48.4 3859.10 1.0623E6 
50.0 4327.20 9.9739E5 
55.0 4388.00 9.7645E5 
59.0 4201.20 9.6901E5 
60.0 3568.80 1.0439E6 
62.0 3632.30 1.0123E6 
64.0 2805.00 1.1265E6 
66.0 2339.60 1.2023E6 
70.0 1996.70 1.2288E6 
75.0 983.400 1.7184E6 
78.0 1219.30 1.4335E6 

! TAM, PPA'IM(1-4) 

I 

1 

! TIME RATE ENZHAPY 
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80.0  1246.50 1.4882E6 
84.0 743.000 1.9273E6 
87.0 825.530 1.7368E6 
90.0 840.050 1.6582E6 
93.0 844.580 1.5896E6 
99 .0  879.060 1.4775E6 

106.0 876.790 1.4233E6 
112.0 808.300 1.4570E6 
118.0 702.160 1.5145E6 
124.0  699.440 1.5545E6 
134.0 361.060 2.4214E6 
145.0 146.060 2.6633E6 
150.0 64.4100 2.6865E6 
156.0  10.8860 2.7028E6 
156.5 0.0 2.7028E6 

3600.0 0.0 2.7028E6 
$ 
$ 
! NITROGEN 
$ 
! OXYGEN 
$ 
! HYDROGEN 
! Qlvlp, - 1  = W S T .  SOURCE T, TEMP, SSRCC 
! 8  - 1  1311. 0 

8 - 1  477. 0 
! TIME RATE 

+0.00000E+00, +0.00000E+00 
+1.60000E+02, +4.60000E-04 
+3.20000E+02, +9.20000E-04 
+4.80000E+02, +3.22000E-03 
+5.60000E+02, +1.10400E-02 
+6.40000E+02, +2.02400E-02 
+7.20000E+02, +3.31200E-02 
+8.00000E+02, +4.78400E-02 
+8.32000E+02, +5.15200E-02 
+8.80000E+02, +4.23200E-02 
+9.60000E+02, +3.49600E-02 
+1.12000E+03, +2.76000E-02 
+1.28000E+03, +2.24480E-02 
+1.44000E+03, +1.87680E-02 
+1.60000E+03, +1.69280E-02 
+1.76000E+03, +1.47200E-02 
+1.92000E+03, +1.32480E-02 
+2.08000E+03, +1.19600E-02 
+2.24000E+03, +1.08560E-02 
+2.40000E+03, +9.93600E-03 
+2.56000E+03, +9.01600E-03 
+2.72000E+03, +8.64800E-03 
+2.88000E+03, +8.28000E-03 
+3.04000E+03, +8.09600E-03 
+3.20000E+03, +7.91200E-03 
+3.36000E+03, +7.54400E-03 
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+3.52000E+03, +7.36000E-03 
+3.68000E+03, +7.17600E-03 
+3.84000E+03, +6.99200E-03 
+4.00000E+03, +6.90000E-03 
+4.16000E+03, +6.80800E-03 
+4.32000E+03, +6.62400E-03 
+4.48000E+03, +6.44000E-03 
+4.64000E+03, +6.25600E-03 
+4.80000E+03, +5.98000E-03 
+4.96000E+03, +5.98000E-03 
+5.12000E+03, +5.88800E-03 
+5.28000E+03, +5.70400E-03 
+5.44000E+03, +5.61200E-03 
+5.60000E+03, +5.56600E-03 
+5.76000E+03, +5.56600E-03 
+5.92000E+03, +5.54300E-03 
+6.08000E+03, +5.52000E-03 
+6.24000E+03, +5.42800E-03 
+6.40000E+03, +5.33600E-03 
+6.56000E+03, +5.24400E-03 
+6.72000E+03, +5.15200E-03 
+6.88000E+03, +5.15200E-03 
+7.04000E+03, +5.06000E-03 
+7.20000E+03, +4.96800E-03 
+7.36000E+03, +4.78400E-03 
+7.52000E+03, +4.69200E-03 
+7.68000E+03, +4.60000E-03 
+7.84000E+03, +4.50800E-03 
+8.00000E+03, +4.41600E-03 
+8.16000E+03, +4.04800E-03 
+8.32000E+03, +3.95600E-03 
+8.48000E+03, +3.86400E-03 
+8.64000E+03, +3.77200E-03 
+8.80000E+03, +3.68000E-03 
+8.96000E+03, +3.58800E-03 
+9.12000E+03, +3.49600E-03 
+9.28000E+03, +3.40400E-03 
+9.44000E+03, +3.31200E-03 
+9.60000E+03, +3.31200E-03 
+9.76000E+03, +3.22000E-03 
+9.92000E+03, +3.12800E-03 
+1.00800E+04, +2.94400E-03 
+1.02400E+04, +2.76000E-03 
+1.04000E+04, +2.66800E-03 
+1.05600E+04, +2.57600E-03 
+1.07200E+04, +2.39200E-03 
+1.08800E+04, +2.30000E-03 
+1.10400E+04, +2.20800E-03 
+1.12000E+04, +2.11600E-03 
+1.13600E+04, +2.02400E-03 
+1.152OOE+O4, +1.93200E-03 
+1.16800E+04, +1.84000E-03 
+1.18400E+04, +1.74800E-03 
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+1.20000E+04, +1.65600E-03 
+1.216OOE+O4, +1.56400E-03 
+1.232OOE+O4, +1.47200E-03 
+1.24800E+04, +1.38000E-03 
+1.26400E+04, +1.28800E-03 
+1.28OOOE+O4, +1.196OOE-O3 
+1.296OOE+O4, +1.10400E-03 

$ 
! COUBLE HYDROGEN RATE FOR SENSITIVITY. 
! HYDROGEN 
! a M P ,  -1 = CDNST. SOURCE T,  TEMP, SSRO=: 
! 8  -1 1311. 0 
I 8 -1 477. 0 
I TIME RATE 
! +0.00000E+00, +0.00000E+00 
! +1.60000E+02, +9.20000E-04 
! +3,2OOOOE+02, +1.84000E-03 
! +4.80000E+02, +6.44000E-03 
! +5.60000E+02, +2.20800E-02 
! +6.40000E+02, +4.04800E-02 
! +7.20000E+02, +6.62400E-02 
! +8.00000E+02, +9.56800E-02 
! +8.32000E+02, +1.03040E-01 
! +8.80000E+02, +8.46400E-02 
! +9.60000E+02, +6.99200E-02 
! +1.12000E+03, +5.52000E-02 
! +1.28000E+03, +4.48960E-02 
! +1.44000E+03, +3.75360E-02 
! +1.60000E+03, +3.38560E-02 
! +1.76000E+03, +2.94400E-02 
! +1.92000E+03, +2.64960E-02 
! +2.08000E+03, +2.39200E-02 
! +2.24000E+03, +2.17120E-02 
! +2.40000E+03, +1.98720E-02 
! +2.56000E+03, +1.80320E-O2 
! +2.72000E+03, +1.72960E-02 
! +2.88000E+03, +1.65600E-02 
! +3.04000E+03, +1.61920E-02 
! +3.20000E+03, +1.58240E-02 
! +3.36000E+03, +1.50880E-O2 
! +3.52000E+03, +1.47200E-02 
! +3.68000E+03, +1.43520E-02 
! +3.84000E+03, +1.39840E-02 
! +4.00000E+03, +1.38000E-02 
! +4.16000E+03, +1.36160E-02 
! +4.32000E+03, +1.3248OE-O2 
! +4.48000E+03, +1.28800E-02 
! +4.64000E+03, +1.25120E-02 
! +4.80000E+03, +1.19600E-02 
! +4.96000E+03, +1.196OOE-O2 
! +5.12000E+03, +1.17760E-02 
! +5.28000E+03, +1.14080E-O2 
! +5.44000E+03, +1.12240E-02 
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! +5.60000E+03, +1.11320E-02 
! +5.76000E+03, +1.11320E-02 
! +5.92000E+03, +1.10860E-O2 
! +6.08000E+03, +1.10400E-02 
! +6.24000E+03, +1.08560E-02 
! +6.40000E+03, +1.06720E-O2 
! +6.56000E+03, +1.04880E-02 
! +6.72000E+03, +1.03040E-02 
! +6.88000E+03, +1.03040E-02 
! +7.04000E+03, +1.01200E-02 
! +7.20000E+03, +9.93600E-03 
! +7.36000E+03, +9.56800E-03 
! +7.52000E+03, +9.38400E-03 
! +7.68000E+03, +9.20000E-03 
! +7.84000E+03, +9.01600E-03 
! +8.00000E+03, +8.83200E-03 
! +8.16000E+03, +8.09600E-03 
! +8.32000E+03, +7.91200E-03 
! +8.48000E+03, +7.72800E-03 
! +8.64000E+03, +7.54400E-03 
! +8.80000E+03, +7.36000E-03 
! +8.96000E+03, +7.17600E-03 
! +9.12000E+03, +6.99200E-03 
! +9.28000E+03, +6.80800E-03 
! +9.44000E+03, +6.62400E-03 
! +9.60000E+03, +6.62400E-03 
! +9.76000E+03, +6.44000E-03 
! +9.92000E+03, +6.25600E-03 
! +1.00800E+04, +5.88800E-03 
! +1.02400E+04, +5.52000E-03 
! +1.04000E+04, +5.33600E-03 
! +1.05600E+04, +5.15200E-03 
! +1.07200E+04, +4.78400E-03 
! +1.08800E+04, +4.60000E-03 
! +1.10400E+04, +4.41600E-03 
! +1.12000E+04, +4.23200E-03 
! +1.13600E+04, +4.04800E-03 
! +1.15200E+04, +3.86400E-03 
! +1.16800E+04, +3.68000E-03 
! +1.18400E+04, +3.49600E-03 
! +1.20000E+04, +3.31200E-03 
! +1.21600E+04, +3.12800E-03 
! +1.23200E+04, +2.94400E-03 
! +1.24800E+04, +2.76000E-03 
! +1.26400E+04, +2.57600E-03 
! +1.28000E+04, +2.39200E-03 
! +1.29600E+04, +2.20800E-03 
! $  
$ 
$ NOmTER IuMWK FRm s w s  
$ NO aA4PAR?MENT ENERGY SOURCES 
$ NO 0 3 N T I W S  BURNING QxIpAR?MENTS 

- 

-. 

1 



UNI-44 3 1 

! TRIP LIxiIC FOR JUNCTIONS 
1 

! FALSE TRIP SET To FALSE AT -10 SEC. 
! TRIP TYPE LLE I N  NU4 TESTS 

! TIME TEST 
! TRIP TEST TIME 

0 -10. 
$ 
! PRESSURE WCX 2 I N W  I N  RX B L E  C1 & C2 "OR" m I C .  
! TRIP TYPE LLE I N  NIMTESTS 

! PRESSURETEST 
! a M P  PRESS 

3 - 4  1 1 

4 1 2 1 

1 101821. 
2 101 821 .  

$ 
! PRESSURE WCX 2 I N W  I N  PG &SG CELLS A "AND" LociIC. 
!TRIP TYPE LLE I N  NIMTESTS 

! PRESSURE TEST 
! (XMP PRESS 

5 1 2 2 

10 101 821 .  
14 101821. 

$ 
! PRESSURE mCX 2 I N W  I N  PG &SG CELLS B "AND" mlc. 
! TRIP TYPE LLE I N  NU4TESTS 

! PRESSURETEST 
! aMP PRESS 

11 1 2 2 

12 101821. 
14 101821. 

$ 
! OR PRESSURE CHE(XS I N  RX BLCG AND FG &SG. 
! TRIP TYPE Locx I N  NU4TESTS 

! TRIP TEST 
! TRIP IxmlY 

6 5 1 1 

4 0 .  
5 0 .  

11 0 .  
$ 
! TIMER (STARTS TIMER AFTER TRIP 6 )  
! TRIP TYPE UXx I N  NIM TESTS 

! TIME TEST 
! TRIP TIME 

6 150. 
$ 
! TIMER (STARTS TIMER AFTER TRIP 19)  
! TRIP TYPE UXK I N  NIMTESTS 

! TIME TEST 

19 6 1 1 

7 6 1 1 
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! TRIP TIIvlE 
19 55. 

$ 
! PRESSURE To OPEN FILTER VENT AND W S E  SPECIAL STEAMVENT I F  < 3 I N W  
! TRIP TYPE LOCK IN MMTESTS 

! PRESSURETEST 
! aMP PRESS 

8 - 1  2 2 

1 102071. 
2 102071. 

5 
! TIMER + PRESSURE cHE(x. 
!TRIP TYPE LOCK IN NUVTESTS 

! TRIP TEST 
! TRIP w 

1 5 2 2 

7 0. 
8 0. 

$ 
! PRESSURE To OPEN SPECIAL STEAM VENT. 
! TRIP TYPE LOCK IN MM TESTS 

! PRESSURETEST 
! a M P  PRESS 

$ 
! PRESSURE ToOPEN REy3uLAR STEAMVENT IN RX BLDGC1. 
! TRIP TYPE LOCK I N  MMTESTS 

! PRESSURETEST 
! aMP PRESS 

$ 
! PRESSURE To OPEN REGUIAR STEAMVENT IN PG C3. 
! TRIP TYPE LOCK IN NCMTESTS 

! PRESSURE TEST 
! aMP PRESS 

$ 
! PRESSURE TO OPEN REGUIAR STEAM VENT IN PG C10. 
! TRIP TYPE LMX I N  NCMTESTS 

! PRESSURETEST 
! aMP PRESS 

$ 

! TRIP TYPE Lo(x I N  N U 4  TESTS 

! PRESSURETEST 
! aMP PRESS 

12 1 1 1 

1 109941. 

16 1 1 1 

1 115111. 

17 1 1 1 

3 115111. 

18 1 1 1 

10 115111. 

,- ! PRESSURE ToOPEN REGUIAR STEAMVENT IN FG C12. 

20 1 1 1 

12 115111. 
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$ 
! LOCK I N  TEST 1 AND CLOSE SPECIAL STE4M VENT. 
! TRIP TYPE Lo(x IN W E S T S  

! TRIP TEST 
! TRIP w 
$ 
! SET To OPPOSITE OF TEST 1. 
! TRIP TYPE LMX IN NU4 TESTS 

! TRIP TEST 
! TRIP CcsVMy 

$ 
! OPEN SPECIAL STEAMVENT (ONLY IF N(TT ALREADY OPENED AND m S E D ) .  
! TRIP TYPE LOCK IN NLMTESTS 

! TRIP TEST 
1 TRIP IxMvlY 

13 5 1 1 

1 0 .  

14 -5 2 1 

1 3  0 .  

15 5 2 2 

14 0 .  
12 0 .  

$ 
! LOCK I N  TEST 19 AND CLOSE REKfiTIAR STEAM VENTS. 
! TRIP TYPE LIXX IN NLM TESTS 

! TRIP TEST 
! TRIP IxMvlY 

$ 
! SET To OPPOSITE OF TEST 19. 
! TRIP TYPE LOCK IN NU4TESTS 

22 -5 2 1 
! TRIP TEST 
1 TRIP IxMvlY 

$ 
! OPEN RFISULAR STEAM VENT (ONLY IF PUr ALREADY OPENED AND WSED) IN RX 
! TRIP TYPE LOCK IN NUL4 TESTS 

! TRIP TEST 
1 TRIP Ixdvhn 

21 5 1 1 

19 0 .  

21 0. 

23 5 2 2 

22 0 .  
16 0 .  

$ 
! OPEN REGULAR STEAM WW (ONLY IF PUr ALREADY OPENED AND CLOSED) IN PG 
! TRIP TYPE LMx IN N U 4  TESTS 

! TRIP TEST 
I TRIP Ixh.lh.n 

24 5 2 2 

22 0 .  
17  0 .  

$ 
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! OPEN RMiuLAR STEAMVENT (ONLY IF NOTALREADYOPENEDANDWSED) IN PG 
! TRIP TYPE LMX IN N U 4  TESTS 

! TRIP TEST 
I TRIP m 

25 5 2 2 

22 0 .  
18 0 .  

$ 
! OPEN RlEUIAR STEAM VENT (ONLY IF NOT ALRE3DY OPENED AND WSED)  IN PG 
! TRIP TYPE UXX IN NIMTESTS 

! TRIP TEST 
I TRIP IXMlY 

26 5 2 2 

22 0 .  
20 0.  

$ 
! RECLOSE PRESSURE CHECX FOR FILTER VENT AT 15 IN W. 
! TRIP TYPE LIXX I N  NUvlTESTS 

! PRESSURETEST 
! an@ PRESS 

2 1 2 1 

1 105055. 
2 105055. 

$ 
! TRUE TRIP SET TRW AT -10  SEC. 
! TRIP TYPE LIXX IN NIMTESTS 

! TRIP TEST TIME 

$ 
! BILJXXTOFRXBLDGTOPGVENT.  
! TRIP TYPE UXX IN NUvlTESTS 

10 - 2  1 1 
! PRESSURE TEST JUNCTION 10. 
! TRIP TEST PRESS 

$ 
$ 
! TABLES FMI JUNCTIONS 

! OPEN TABLE FOR FILTER VENT 
1 
! TIME TaPEN 

9 4 1 1 

0 -10. 

10 - 15513. 

1 

0 .  0 .  
10. 1 .  

$ 

2 
! TIME TOPEN 

c ! CLOSE TABLE FOR FILTER VENT 

0 .  1 .  
10. 0 .  

$ 
! OPENING TABLE FOR RX BLDG TO PG VENT 
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3 
! DIFF PRESS YOPEN 

0 .  0 .  
373 .  0. 
6 2 2 .  1 .  

$ 
! OPEN TABLE FOR SPECIAL AND FEGUIAR STEAM vEN"S. 
4 
! TIME YOPEN 

$ 
! CLOSE TABLE FOR SPECIAL STEAM=. 
5 
! TIME 94OPJ!?N 

0 .  1 .o  
1 5 .  0 .  

0 .  1 .  

$ 
! CLOSE TABLE FOR REGULAR STEAMVENT. 
6 
! TIh4E 0/6PEN 

0 .  1 .o 
2 5 .  0 .  

$ 
$ 
! I N I T I A L W  TEMPERA'S 

2*339.  
1*477.  
3*339.  
1*505. 
1*339.  
29*322.  

! NAMELIST TYPE INPUT 

! m w  (XINTROL VARIABLES 
DELTFL = .001 
DELVR = . 1  
! HYDROGEN IGNITION LIMITS 
rnN1G-1 . o  
! TIMESTEP mm0L VARIABLES 
!ESF CDN'ROLS 
SPRAYS=AUTO 
$ 

I 

I 

I 
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! INITIAL NAMELIST TYPE INPUT 
m = 9  
wm = m y  
$ END OF NAMELIST INPUT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! PROBW GECMETRY AND O D N T A I m  DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N REACTOR 38 W L  CASE 4$ 

THIS IS A 38 VX.LME DJXX USED FOR CAUXTLATIONS OF 
aCMBUSTION RESPONSE AT N REA-CIDR 

ALL SI UNITS 

38 ! h W E R  OF WARTMEIWS 

! FOR EACH an4PARIME3T: AN ID, 'IHE WLME (M**3), ELEVATION (MI ,  FL4E 
! PROPAGATION LEW'IH (MI,  IWbIl3ER OF SURFACES, AND INTEERS 
! SPECIFYING WICH SUMP To Lxh.Ip EXCESS WTER (FRm SUPERSA?uRATION) 
! INID A N D W I G i  SUMP THE SPRAYS FAIL INTO. 
! 
c1- FRomLD 
733.7 14.71 6.81 2 0 0 
c2 - FRomLD 
638.93 14.71 6.20 2 1 1 
c3 - FRomLD 
733.7 14.71 6.81 2 0 0 
C4-FROhTRmLD 
909.5 15.01 6.81 2 0 0 
c5 - F R O h r n L D  
712.71 15.55 6.29 2 1 1 
C6 - FROhTRXBLD 
909.5 15.01 6.81 2 0 0 
c7 -REARR);BLD 
1203. 14.7 7.46 2 0 0 
C8 -REARRXBLD 
801.57 14.7 6.31 2 2 2 
c9 --LD 
1203. 14.7 7.46 2 0 0 
c10 - FRomLD 
1422.54 1.43 9.02 2 0 0 
c11- FRomLD 
736.19 0.62 8.13 3 1 1 
C12 - FROhTRXBLD 
1422.54 1.43 9.02 2 0 0 

2472.74 2.37 9.02 2 0 0 

1297.76 4.14 9.02 3 2 2 

I 

C13 -REARRXBLD 

C14-REARRXBLD 
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c 

C15 -REARRXBLD 
2705.69 1.86 9.02 2 0 0 

1516. 7.05 18.3 2 0 0 

1516. 7.05 18.3 2 0 0 

C16-FRONT-PIPE-BS 

C17-REAR-PIPE-BS 

C18-GRAPHITE-GAS 
240.4 6.1 

2749.2 3.01 
C19-PIPE-GALL 

C20-PIPE-GALL 
1761.2 -2.67 
C21-PIPE-GALL 
862.34 -2.67 
C22-PIPE-GALL 
2651.55 -2.67 
C23-PIPE-GALL 
1920.1 2.38 

1096.3 2.38 

2922.94 2.38 

2090.85 8.06 

1144.58 8.06 
C28-PIPE-GALL 
3118.53 8.06 
c29-PRES-PENr 
1189.15 18.21 
C30 - SGCELL6 
6561.1 3.32 
c3 1 - sGc'ELL1 
6561.1 3.32 
C32-SGCELL2 
6561.1 3.32 
C3 3 -AuxcEIl. 
5699.93 2.97 
c34 - sGcELL3 
6561.1 3.32 
c3 5 - sGcELL4 
6561.1 3.32 
C36 - SGSELL5 
6561.1 3.32 

3881. 8.35 

508.64 19.74 

C24-PIPE-GALL 

C25-PIPE-GALL 

C26-PIPE-GALL 

C27-PIPE-GALL 

C37 -FILTERBID 

C38-605 

1 

5.64 1 0 0 

7.89 3 3 3 

16.0 3 3 3 

9.14 2 3 3 

24.38 3 3 3 

16.0 2 3 3 

9.14 2 3 3 

24.38 2 3 3 

16.0 2 3 3 

9.14 2 3 3 

24.38 2 3 3 

7.32 1 3 3 

15.24 3 3 3 

15.24 3 3 3 

15.24 3 3 3 

12.04 3 4 4 

15.24 3 3 3 

15.24 3 3 3 

15.24 3 3 3 

141.3 2 0 0 

20.54 2 0 0 

! K)R EACH SIMP: S W  NLMlER, M4XIMMVOLLME (M**3), S W  NLMBE3 THAT 
! THIS SIMP WERFLom To 

! SIMP 1 IS uNDERNEA?H ?HE ELEVATOR IN FRONT RX BLCG. IT FILLS 
I 
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! 

1 

! 

I 

I 

I 

I 

I 

2 
I 

I 

I 

3 
! 

! 
4 
$ 
! 

! 
! 

I 

1 

I 

I 

I 

I 

1 

1 

I 

! 
! 

VATEX FUM6 ONIOTHE FLOOR AND INlODRAINS. IT IS IU35VED FRCMTHE RX 
B L E .  
1 6 . 9  0 
SIMP 2 IS THE B A N A N A W .  IT HAS AVERY LARGE W W  SINCE IT 
03NNECTS To ?HE FUEL poOL;HOAEVE% W NEGLE(=T ?HAT HERE AND C4KUIATE 
THE V O L W  IN ?HE CAVITY ONLY. SINCE WED IT OVEWWbS THE WWER GOES 
r0 THE DRAINS AND IS FUMlVED FRCM THE RX BLLG, 'IHE EFFE(JT IS THE SAME 
As I F W  I N C R E A S E D T H E W ~ B U T D I D N O T A D D I T T O T H E R O C M W L ~ .  
413.  0 
THEFE ARE 6 SIMPS WICH W TREAT As 1. THIS W L W  IS URGE3 'IHAN 
?HEREALVOb1497 S I N C E W W l H E c I = D E T o o 3 N T I N U E T O S u B T R A c T ~  
WLW OF WlTR FRCM THE FG AND SG W W S .  
3000. 0 
S W  4 IS  AN ARBITRARY S W  IN THE ALK CELL SO ?HATVATEXWILL NOT 
L E A v E m  SYSTEMAND?HEWLWOFWTEXWILLBESUBTRACTEDFR(XI?HE 
AUX CELL V O L W .  
2000. 0 

FOR EAGI SURFACE: TYPE OF SURFACE, M4SS OF SURFACE (KG), ARE4 OF 
SURFACE (M**2), CHARACTERISTIC LENcr?H (MI, SPECIFIC HEAT (J/KG/K), 
EMISSIVITY, INlTGER INDICATINGMMICH SIMP THE OONDENSATE GOES INID. 

EACH, TEE I H I m S S  (MI, ?HERMLzL DIFFUSIVITY (M**2/S), AND lWERM4L 
03NDXTIVlTY (WMK) . FINALLY, ?HE W I N G  INFORM4TION AND m y  
(BNDITIONS ARE SPECIFIED (0's INDICATE HECTRWILL DETERMINE 
THE VALUES INERNALLY). N3TE 'MAT !jCME OF THE W E R S  SET To 1. 
ARE N(JT USED FOR ?HAT SURFACE TYPE. 

FOR SLABS (STWE = l ) ,  THE W E R  OF LAYERS I N  THE SURFACE, AND FOR 

C1 SURFACES 

03Nc1 
1 1 .  275 .85  6 . 2 5  1 .  . 9  0 
1 
. 3  1 .6E-6  2 . 3 9  
0 0 .  0 .  0 .  
STEEL1 
2 29756.42  142 .57  1 .  5 3 1 . 7  . 7  0 
! 
! C2 SURFACES 
! 
a ) K 2  
1 1 .  3 8 2 . 3 2  6 . 2 5  1 .  . 9  1 
1 
. 3  1 . 6 E - 6  2 . 3 9  
0 0. 0. 0. 
STEEL2 
2 25911.66  1 2 4 . 1 5  1 .  5 3 1 . 7  . 7  1 

! C3 SURFACES 

m 3  
1 1 .  2 7 5 . 8 5  6 . 2 5  1 .  . 9  0 

I 

I 
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c 

1 
-3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL3 
2 29756.42 142.57 1. 531.7 . 7  0 

! c4 SURFACES 

03NC4 
1 1. 461.45 5.64 1. .9 0 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL4 
2 36884.67 176.73 1. 531.7 .7 0 

! c5 SURFACES 
! 
m 5  
1 1. 376.61 4.57 1. .9 1 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL5 
2 28903.75 138.49 1. 531.7 .7 1 

! C6 SURFACES 

(xINc6 
1 1. 461.45 5.64 1. .9 0 

I 

I 

I 

I 

I 

1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL6 
2 36884.67 176.73 

! c7 sURFms 
! 
cxINC7 

1 
1. 531.7 .7 0 

1 1. 492.5 6.25 1. .9 0 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL7 
2 44433.37 180.63 1. 531.7 .7 0 

! C8 SURFACES 

aNC8 
1 1. 460.53 6.25 1. .9 2 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  

I 

I 
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STEEL8 
2 29605.02 120.35 1. 531.7 . 7  2 
! 
! c9 SURFACES 

m 
1 1.  492.5  6 . 2 5  1. . 9  0 
1 
. 3  1 .6E-6 2 .39  
0 0 .  0 .  0. 
STEEL9 
2 44433.37 180.63 1. 531.7 . 7  0 
! 
! c10 SURFACES 

CXlNclO 
1 1 .  833.08 18.04 1. . 9  0 
1 
. 3  1.6E-6 2 .39  
0 0 .  0.  0. 
STEEL 1 0 
2 57691.03 276.42 1. 531.7 . 7  0 

! C11 SURFACES 

S U P 1  1 
3 15000. 24.55 4 . 1 6  1.  .94 1 
aONCl1 
1 1. 305.20 16.26 1.  . 9  0 
1 
. 3  1 .6E-6 2 .39  
0 0 .  0 .  0. 
STEEL1 1 
2 29856.19 143.05 1. 531.7 . 7  0 

! c12 SURFACES 

03NC12 
1 1 .  833.08 18.04 1. . 9  0 
1 
. 3  1 .6E-6 2 .39  
0 0.  0. 0. 
STEEL1 2 
2 57691.03 276.42 1. 531.7 . 7  0 

! C13 SURFACES 

ollNcl3 
1 1. 1259.4 1 8 . 0 3  1. . 9  0 
1 
.3  1.6E-6 2 . 3 9  
0 0 .  0.  0 .  
STEEL 1 3 

I 

I 

I 

I 

I 

I 

I 

I 
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2 91329.27 371.27 1. 531.7 .7 0 
! 
! C14 SURFACES 

S W 1 4  
3 400800. 42.6 5.03 1. .94 2 
(sDNc14 
1 1. 704.76 18.03 1. .9 2 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL14 
2 47932.2 194.85 1. 531.7 .7 2 

! C15 SURFACES 
! 
(xINc15 
1 1. 1111.84 18.03 1. .9 0 
1 
.3 1.6E-6 2.39 
0 0 .  0. 0 .  
STEELl 5 
2 99933.02 406.25 1. 531.7 .7 0 

! C16 SURFACES 
! 

(XINCI 6H 
1 1. 139.8 9.1 1 .  .9 0 
1 
.3 1.6E-6 2.39 
0 0. -1. 477. 
STEELl 6 
2 50771.4 996.3 1. 531.7 .7 0 

! c17 SURFACES 

03NC17H 
1 1. 139.8 9.1 1 .  .9 0 
1 
.3 1.6E-6 2.39 
0 0 .  - 1 .  505. 

I 

1 

I 

I 

1 

STEELl 7 
2 50771.4 996.3 1. 531.7 .7 0 

! C18 SURFACES 
I 

I 

GRAPHITE1 8 
.I 2 lElO 92900. 11.28 1256. .98 0 

I 

! C19 SURFACES 
! 
SlMP19 
3 7515. 47.38 1 . 8 3  1 .  .94 3 
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oNc19 
1 1 .  1151. 15.78 1. . 9  3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL1 9 
2 76819.5 312. 
! 
! c20 SURFACES 

s w 2 0  
3 15030. 94.77 
cDNc20 

I 

1. 531.7 .7 3 

1.83 1. .94 3 

1 1 .  591.6 4.42 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL20 
2 137122.8 556.98 1 .  531.7 .7 3 
! 
! c21 SURFACES 
! 
cDK2 1 
1 1.  356.74 4.42 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL2 1 
2 78355.9 318.27 1. 531.7 . 7  3 

! c22 SURFACES 

s w 2 2  
3 22545. 142.15 1.83 1. .94 3 
03NC22 
1 1 .  886.96 4.42 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0. 0 .  
STEEL2 2 
2 208949. 848.73 1. 531.7 .7 3 

! C23 SURFACES 

cDNc2 3 
1 1 .  526.22 5.68 1 .  .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0. 0 .  
STEEL2 3 
2 8066. 32.76 1 .  531.7 . 7  3 

! C24 SURFACES 

I 

I 

1 

I 

I 
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1 

ooNc24 
1 1. 276.43 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL24 
2 4609.2 18.72 1. 531.7 .7 3 

! C25 SURFACES 

03NC2 5 
1 1. 763.9 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL25 
2 12291. 49.93 1. 531.7 .7 3 
! 
! C26 SURFACES 
! 
O K 2  6 
1 1. 896.75 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL2 6 
2 16132.1 65.53 1. 531.7 .7 3 

! C27 SURFACES 

O K 2  7 
1 1. 307.1 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL2 7 
2 9218.3 37.44 1. 531.7 .7 3 

! C28 SURFACES 

03NC2 8 
1 1. 1261.63 5.68 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL2 8 

1 

1 

1 

1 

I 

1 

..‘- 2 24582.2 99.85 1. 531.7 .7 3 
I 

! C29 SURFACES 

OXC2 9 
1 1. 543.8 14.6 1. .9 3 

I 
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1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0. 
! 
! C30 SURFACES 

S W 3 0  
3 7515. 47.38 1 . 8 3  1 .  .94 3 
cDNc30 
1 1 .  2144.85 15 .44  1 .  . 9  3 
1 
. 3  1.6E-6 2.39 
0 0 .  0.  0. 
STEEL30 
2 187096.6 785.66 1 .  531.7 . 7  3 

! C31 SURFACES 

S W 3  1 
3 7515. 47.38 1 . 8 3  1. .94  3 
(33x3 1 
1 1 .  2144.85 15 .44  1 .  . 9  3 
1 
. 3  1.6E-6 2.39 
0 0. 0. 0. 
STEEL3 1 
2 187096.6 785.66 1.  531.7 . 7  3 

1 

I 

I 

I 

! C32 SURFACES 
! 
S W 3 2  
3 7515. 47.38 1 . 8 3  1.  .94 3 
(xINc3 2 
1 1. 2144.85 15 .44  1 .  . 9  3 
1 
. 3  1 .6E-6 2.39 
0 0 .  0 .  0. 
STEEL3 2 
2 187096.6 785.66 1 .  531 .7  . 7  3 
I 

! C33 SURFACES 
! 
sw33 
3 0 .0  1 .0  1.0 1. .94 4 
m N c 3  3 
1 1 .  1941.42 15.47 1 .  . 9  4 
1 
. 3  1 .6E-6 2.39 
0 0. 0 .  0.  
STEEL3 3 
2 160044.5 650.1 1. 531.7 . 7  4 

! c 3 4  SURFACES 
I 
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! 
s w 3 4  
3 7515. 47.38 1.83 1. .94 3 
CDK34 
1 1. 2144.85 15.44 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL34 
2 187096.6 785.66 1. 531.7 .7 3 
! 
! c35 s w m s  
! 
s w 3 5  
3 7515. 47.38 1.83 1. .94 3 
m 3 5  
1 1. 2144.85 15.44 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL3 5 
2 187096.6 785.66 1. 531.7 .7 3 

! C36 SURFACES 

S W 3 6  
3 7515. 47.38 1.83 1. .94 3 
CDK36 
1 1 .  2144.85 15.44 1. .9 3 

1 

I 

1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL36 
2 187096.6 785.66 
! 
! C37 SURFACES 
! 
CDK3 7 
1 1 .  1742.7 68. 1 
1 
. 3  1.6E-6 2.39 
0 0. 0 .  0 .  
STEEL3 7 

1. 531.7 .7 3 

.94 0 

2 243071.5 4907.3 1 .  531.7 .7 0 

! C38 SURFACES 

CDNC3 8 
1 1 .  623.54 2.59 1. .94 0 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0. 
STEEL3 8 

1 

1 
I 
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2 4259.97 83.59 1. 531.7 . 7  0 
I 

1 

! 03NTAIIWENF LEAKlsdjE IN€ORMTION 
I 

! NUVIBEX OF LEAKS, NCMBER OF PRESSURE AND TEMpERATtlRE-DEPENDENT 
! LE!4KAGEWRVES 
! 
! NOL NOP N(JT 

25 1 0 
! LEAK WARlME%T, TEMPERATUFE-DEPENDENT I.E4KAGE WRVE, PRESSURE- 
! DEPENDENT IE4KAGE mVE, C D N T A I m  FAILURE FLAG, m A I =  
! FAILURE CRITERION, C D m A I M  FAILURE AREA (M**2), LEAK ELEVATION 
! ( M I ,  LEAK IDSS C D E F F I C I m ,  L/A FOR LEAK (1/M) 

! OZMP TWRVE PWRVE NCF CRIT AREA ZJI  FLI LA 
! FILTERED RELEASE TO OUTSIDE. 

! LEAKS FRCM SG CELLS ANDAUX CELL. 

1 

37 0 0 1 0.  1 4 . 3  61.6 1.0 .01 

30 0 0 1 0. .0267 -4 .9  17 .14  .01 
31 0 0 1 0. .0267 - 4 . 9  17.14 .01 
32 0 0 1 0. .0267 -4 .9  17.14 .01 
33 0 0 1 0. -0267 -4 .9  17 .14  .01 
34 0 0 1 0. .0267 - 4 . 9  17 .14  .01 
35 0 0 1 0. .0267 - 4 . 9  1 7 . 1 4  .01 
36 0 0 1 0 .  .0267 - 4 . 9  17 .14  .01 
30 0 0 1 0 .  .0007 1 0 . 7  1.0 .01 
31 0 0 1 0. .0007 1 0 . 7  1 .0  .01 
32 0 0 1 0. .0007 1 0 . 7  1.0 .01 
33 0 0 1 0. .0007 1 0 . 7  1 .0  .01 
34 0 0 1 0 .  .0007 1 0 . 7  1.0 .01 
35 0 0 1 0 .  .0007 10.7  1.0 .01 
36 0 0 1 0 .  .0007 10 .7  1 .0  .01 

! VA(xRM BREAKER FOR RX BLCG. 
6 0 -1 0 -1723. 1 . 3  1 7 . 8  1 .6  .01 

! W T  OPENS AT -1723 DIFF PRESS,FULL OPEN AT -3446. 
! RF-%uLAR STE4MVENT I N  RX B E .  

! VENT CLOSES AFTER 2 I N  W PRESSURE + 150 SIX. 
! OPEN CLOSE OPEN TYPE GUISE TYPE 
I TRIP TRIP TABLE TABLE TABLE TABLE 

! LEAK FRCM PG TO OCTSIDE. 

! REGUIAR S ’ W  VENTS I N  PG C19(2) .  

! VENT CXISES AFTER 2 I N  W PRESSURE + 150 SEC. 
1 OPEN CLOSE OPEN TJTE CLOSE TYPE 
1 TRIP TRIP TABLE TABLE TABLE TABLE 

! REGulAR STEAMVENTS I N  PG C26(4) .  

! VENI’ CLOSES AFTER 2 I N W  PRESSURE + 150 SEC. 

4 0 0 5 115111. 2 . 6 3  17 .8  1 .74  .01 

30 19 4 1 6 1 

22 0 0 1 0 .  .003 - 4 . 9  1.0 .01 

19 0 0 5 115111. 5 .26  10 .9  3.01 .01 

24 19 4 1 6 1 

26 0 0 5 115111. 10.52 10 .9  3.01 .01 
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! OPEN CLOSE OPEN TYPE CLOSE TYPE 
! TRIP TRIP TABLE TABLE TABLE TABLE 

! REGUlAR STE4MvENTS IN PG C28(7). 

! VENT CLOSES AFTER 2 IN W PRESSURE + 150 SEC. 
! OPEN CLOSE OPEN TYPE CLOSE TYPE 
! TRIP TRIP TABLE TABLE TABLE TABLE 

! 
! V A U  BREAKER IN E. 

25 19 4 1 6 1 

28 0 0 5 115111. 18.41 10.9 3.01 

26 19 4 1 6 1 

26 0 -1 0 -1723. 1.3 10.9 1.6 
! VENT OPENS AT -1723 DIFF PRESS, FULL OPEN AT -3446. 
! LEAK FRMREAR RX BLDG. 

! L E A K F R C M F R N R X B L D G .  

! SPECIAL STEAMVENT I N  Rx BLDG. 

! OPEN CLOSE OPEN TYPE CLOSE TYPE 
t TRIP TRIP TABLE TABLE TABLE TABLE 

! TABLE FOR VAfJJLM BREAI(ERS. 
1 1 
0 .  10. 100. 1000. 1723. 2153.75 2584.5 3015.25 
1.OE-8 1.OE-8 1.OE-8 1.OE-8 1.OE-8 ,325 .65 .975 
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
! 

14 0 0 1 0 .  .003 12.2 1.0 

11 0 0 1 0 .  .003 12.2 1.0 

6 0 0 5 109941. 2.63 17.8 1.74 

15 13 4 1 5 1 

.Ol 

.Ol 

.01 

.Ol 

.Ol 

3446. 3876.75 
1.3 1.3 

! FLxx;v JUNCTION MTA: QhlpARTMENT ID'S,  TYPE OF alMvEcTIoN, FlfW 
! AREA (M**2), WSS (XIEFFICIENT, L/A RATIO (l/'M), REIATIVE POSITION OF 
! ocMpARTMENI3, AND JUNCTION ELEVATION (MI.  
! ADDITIONN INFORh44TIoN IS  PROVIDED FOR JUNCTION TYPE 7. 

! FRCM FROLW TO REAR RX B D .  
4 7 1 24.2 1.395 .01 0 17.53 
5 8 1 24.2 1.395 .01 0 17.53 
6 9  1 24.2 1.395 .01 0 17.53 
! JUNCTIONS TO C38. 
4 38 1 7.804 2.0 .01 1 18.14 
5 38 1 7.804 2.0 .01 1 18.14 
6 38 1 7.804 2.0 .01 1 18.14 
! JUNCTIONS FROvl PIPE BARRIER SPACES. 
16 1 5 14.6 2.76 .01 1 11.58 
1448.5 
16 3 5 14.6 2.76 .01 1 11.58 
1448.5 
17 7 5 14.6 2.76 .01 1 11.58 
1448.5 
17 9 5 14.6 2.76 .01 1 11.58 
1448.5 
! JUNCTIONS FRCMGRAPHITE GAS SPACE. 
17 18 5 -66 3.12 .01 0 2.130 
20679. 

I 
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! To FILTER BLDG FRCMRX BLDG (FILTER VENI'S). 
38 37 7 7.04 66.26 .01 0 19.74 
! OPEN TRIP CLOSE TRIP B W  TRIP ABLOAN 

1 2 3 0. 
! OPENTABLE TYPETABLE CLOSETABLETYPETABLE 

1 1 2 1 
! IxKJTSF%CMPGToSG&AUXCELLS. 
19 30 1 47.66 1.0 .01 0 8.32 
26 31 1 47.66 1.0 .01 0 8.32 
26 32 1 47.66 1.0 .01 0 8.32 
27 33 1 47.66 1.0 .01 0 8.32 
28 34 1 47.66 1.0 .01 0 8.32 
28 35 1 47.66 1.0 .01 0 8.32 
28 36 1 47.66 1.0 .01 0 8.32 
! AUXCELLDOOR. 
24 33 1 3.25 2.0 .01 0 2.98 
! OPEN CROSS VENT REAR RX B E  To PG. 
26 7 1 2.37 2.0 .01 1 15.24 
! VARIABLE CROSS VENT REAR RX BLDG TO FG. 
26 7 7 7.11 2.0 .01 1 15.24 
! OPEN TRIP CLOSE TRIP BLfXN TRIP A B W  

9 3 10 5.52 
! OPEN TABLE TYPE TABLE CLOSE TABLE TYPE TABLE 

3 2 3 2 
28 9 7 9.47 2.0 .01 1 15.24 
! OPEN TRIP CLOSE TRIP B W  TRIP ABUAW 

9 3 27 7.36 
! OPEN TABLE TYPE TABLE CLOSE TABLE TYPE TABLE 

3 2 3 2 
! C R O S S W B E I W E N R E 4 R R X B E  ANDFG 
! 16.58 IS THE FULL OPEN AREA FRCM PG TO RX BLDG AND 12.88 
! I S  ?HE FULL OPEN AREA FRCM RX BLDG To PG. 15513 IS THE DP (PA) 
! TO SHEAR PIN ANDOPEN IHE DOOR FRCMRX B E  ?D PG. 

! S W B W E N P G A N D S G C E L L S  
! CO NOT USE IN BASE CASE 
! ELEV=-6.4M;ARE4=243.24-.1728*VOL(ACDED) 
! IF 18.54 M**3 ADDEDTHES SUMP P W S  START .ll M**3/S PF3 SG CELL. 

! MINVOL H W I L  S W  BLOUOUT 

1 

19 30 6 40.54 2 .o .Ol 0 -6.4 

90 1497.8 3 0 
26 31 6 40.54 2 .o .Ol 0 -6.4 
! MINVOL H V O L  S W  BLOUOUT 

90 1497.8 3 0 
26 32 6 40.54 2.0 .Ol 0 -6.4 
! MINVOL M V O L  S W  BLDKIW 

90 1497.8 3 0 
28 34 6 40.54 2.0 -01 0 -6.4 
. I MINVOL M4XVOL S W  B m  

28 35 6 40.54 2 .o .Ol 0 - 6 . 4  
90 1497.8 3 0 

1 MINWL M 4 X W L  S W  BLOUOUT 
90 1497.8 3 0 
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28 36 6 40.54 2 .o 
! M I N W L  M 4 X W L  S W  BIJXCXT 

90 1497.8 3 0 
! FULL JUNCTIONS BE3MEEN WLWES I N  E. 
20 21 1 47.15 1 .o 
21 22 1 47.15 1 .o 
20 23 1 341.41 1 .o 
21 24 1 195.09 1 .o 
22 25 1 520.24 1 .o 
23 24 1 60.59 1 .o 
24 25 1 60.59 1 .o 
23 26 1 341.41 1 .o 
24 27 1 195.09 1 .o 
25 28 1 520.24 1 .o 
26 27 1 60.59 1 .o 
27 28 1 60.59 1 .o 
27 29 1 84.54 1 .o 
! JUN(JTI0NS BETIWEEN 3 AND OEER PG W L .  
19 20 1 22.9 1 .o 
19 23 1 2.96 1 .o 
19 26 1 32.21 1 .o 
!FULL JUNCTIONS BIZlMEEN W L W S  IN RX BLCG. 
1 2 1 40.00 1 .o 
2 3 1 40.00 1 .o 
1 4 1 76.77 1 .o 
2 5 1 56.67 1.0 
3 6 1 76.77 1.0 
1 10 1 48.06 1 .o 
2 11 1 50.88 1.0 
3 12 1 48.06 1 .o 
4 5 1 54.37 1.0 
5 6 1 54.37 1 .o 
7 8 1 53.33 1 .o 
8 9 1 53.33 1 .o 
7 13  1 130.23 1 .o 
8 14 1 71.16 1.0 
9 15 1 130.23 1 .o 
10 11 1 42.46 1 .o 
11 12 1 42.46 1 .o 
13 14 1 94.18 1 .o 
14 15 1 95.50 1 .o 
$ END OF JUNCTIONS 
$ No ICE ClINDENsER 
$ No SUPPRESSION POOL 
$ No FANS 
$ No FAN (IDLER 

I 

! BEAM LENGTH AND VIEW FA- M4lRICES 

! BEAMLENGIHS 
I 

I 

6.312604 6.312604 
84*0 . O  

.01 0 -6.4 

.01 

.01 

.01 

.01 

. O l  

.01 

.01 

.01 

.01 

.01 

.01 
-01 
.01 

0 
0 
1 
1 
1 
0 
0 
1 
1 
1 
0 
0 
1 

-2.67 
-2.67 
- .46 
- .46 
- .46 
2.38 
2.38 
5.22 
5.22 
5.22 
8.06 
8.06 
10.9 

.01 0 -2.67 

.01 0 - .064 

.01 0 7.8 

. O l  0 

. O l  0 

. O l  0 

.01 0 

. O l  0 

.01 -1 

.01 - 1  

.01 - 1  

.01 0 

.01 0 

.01 0 

.01 0 

.01 -1 

.01 -1 

.01 -1 

.01 0 

.01 0 

. O l  0 

. O l  0 

14.71 
14.71 
15.01 
15.55 
15.01 
11.58 
11.58 
11.58 
15.55 
15.55 
14.71 
14.71 
11 .6  
11.6 
11.6 
4.59 
4.59 
4.89 
4.89 
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6.312604 
84*0.0 - 

4.541529 
82*0.0 
4.541529 

82*0.0 
6.312604 

80*0.0 
6.312604 

80*0.0 
5.130527 

78*0.0 
5.130527 

78*0.0 
4.981084 

76*0.0 
4.981084 

76*0.0 
5.130527 

74*0.0 
5.130527 

74*0.0 
6.433824 

72*0.0 
6.433824 

72*0.0 
4.967724 

70*0.0 
4.967724 

70*0.0 
6.433824 

68*0.0 
6.433824 

68*0.0  
4 .61  5723 

66*0.0  
4.615723 

66*0.0 
5.605507 

63*0.0 
5.605507 

63*0.0  
5.605507 

63*0.0 
4.615723 

61*0.0 
4.615723 

61*0.0 
5.459022 

59*0.0 
5.459022 

59*0.0 
4.958487 

4.541529 

6.312604 

5.130527 

4.981084 

5.130527 

6.433824 

4.967724 

6.433824 

4.615723 

5.605507 

5.605507 

4.615723 

5.459022 

4.958487 

5.605507 

4.958487 
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-. 

56*0.0 

56*0.0 

56*0.0 

54*0.0 

54*0.0  

52*0 .O  

52*0.0 

50*0.0 

50*0.0 

4.958487 4.958487 

4.958487 

6.416276 6.416276 

6.416276 

4.803802 4.803802 

4.803802 

4.803802 4.803802 

4.803802 

9.3158232E-03 
49*0.0 

46*0.0 

46*0 .O  

46*0.0 

43*0.0 

43*0.0 

43*0.0 

41*0.0 

41*0.0 

38*0.0  

38*0 .O  

38*0 .O  

36*0.0 

36*0.0 

34*0.0 

34*0.0 

32*0.0 

32*0.0 

6.552734 

6.552734 

6.552734 

5.099385 

5.099385 

5.099385 

4.599079 

4.599079 

5.083277 

5.083277 

5.083277 

12.36602 

12.36602 

13.37178 

13.37178 

12.92971 

12.92971 

.- 

6.552734 6.552734 

6.552734 

5.099385 5.099385 

5.099385 

4.599079 

5.083277 5.083277 

5.083277 

12.36602 

13.37178 

12.92971 
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7.822110 
30*0.0 
7.822110 
30*0.0 
11.95939 
28*0 . O  
11 .95939 
28*0.0 
8.245959 
26*0.0 
8.245959 
26*0.0 
7.872269 
25*0.0 
7.931777 
22*0.0 
7.931777 
22*0. 0 
7.931777 
22*0.0 
7.931777 
19*0.0 
7.931777 
19"O.O 
7.931 777 
19*0.0 
7.931777 
16*0.0 
7.931777 

16*0.0 
7.931 777 
16*0.0 
7.914981 
13*0.0 
7.914981 
13*0.0 
7.914981 
13*0.0 
7.931 777 

10*0.0 
7.931 777 

10*0.0 
7.931777 

10*0. 0 
7.931777 
7*0.0 
7.931 777 
7*0.0 
7.931777 
7*0.0 
7.931777 
4*0.0 
7.931777 

7.822110 

11.95939 

8.245959 

7.931777 

7.931777 

7.931777 

7.931777 7.931777 

7.931777 

7.931777 7.931777 

7.931777 

7.914981 7.914981 

7.914981 

7.931777 7.931777 

7.931777 

7.931777 7.931777 

7.931777 

7.931777 7.931777 

7.931777 
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c 

4 * 0 . 0  
7.931777 
4*0.0 
2.100992 
2*0.0  
2.100992 
2*0.0 
2.589487 
2.589487 

I 

! VIEWFACTORS 
! 
0.6592658 
84*0.0 
0.3407342 
84*0.0 
0.7548720 
82*0.0 
0.2451280 
82*0.0 
0.6592658 
80*0.0 
0.3407342 
80*0.0 
0.7230719 
78*0.0  
0.2769282 
78*0.0 
0.731 1396 
76*0.0  
0.2688605 
76*0.0 
0.7230719 
74*0.0 
0.2769282 
74*0.0 
0.7316566 
72*0.0 
0.2683434 
72*0.0  
0.7928143 
70*0.0 
0.2071 857 
70*0.0 
0.7316566 
68*0.0 
0.2683434 
68*0.0  
0.7508608 
66*0.0 
0.2491392 
66*0.0 
0.0000000E+00 

2.100992 

2.589487 

0.3407342 

0.2451281 

0.3407342 

0.2769281 

0.2688604 

0.2769281 

0.2683434 

0.2071 856 

0.2683434 

0.2491393 

0.6808701 0.3191299 
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63*0.0 
0.6435798 
63*0 .O 
0.301651 7 
63*0 .O 
0.7508608 
61*0.0 
0.2491392 
61*0.0 
0.7723206 
59*0.0 
0.2276794 
59*0 .O 
0.0000000E+00 
56*0.0 
0.7463088 
56*0 . O  
0.2063374 
56*0.0 
0.7323940 
54*0 .O 
0.2676060 
54*0 .O  
0.1230526 
52*0.0 
0.8769475 
52*0 .O 
0.1230526 
50*0.0 
0.8769475 
50*0.0 
1 . 000000 

49*0 .O 
0.0000000E+00 
46*0 .O 
0.7612606 
46*0 .O 
0.2063538 
46*0.0 
0.0000000E+00 
43*0 . O  
0.4725720 
43*0.0 
0.44491 74 
43*0 . O  
0.5284958 
41*0.0 
0.4715042 
41*0.0 
0.0000000E+00 
38*0.0 
0.469161 8 
38*0.0 

0.3016517 

0.2491393 

0.2276794 

0.7834061 0.2165938 

0.2063373 

0.2676060 

0.8769475 

0.8769475 

0.7867396 0.2132604 

0.2063539 

0.5150708 0.4849292 

0.4449174 

0.4715041 

0.5110129 0.4889871 

0.4489399 
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0.4489399 
38*0.0 
0.9413933 
36*0.0 

36*0.0 
0.9365746 
34*0 . O  

34*0.0 
0.9386481 
32*0.0 

32*0.0 
0.9319013 
30*0.0 

30*0,0 
0.8913333 
28*0.0 
0.1086667 
28*0.0 
0.9266607 
26*0.0 

26*0 . O  

25*0.0 
0.0000000E+00 
22*0.0 
0.7200701 
22*0.0 
0.2637622 
22*0.0 
0.0000000E+00 
19*0. 0 
0.7200701 
19"O.O 
0.2637622 
19*0.0 
0.0000000E+00 
16*0.0 
0.7200701 
16*0.0 
0.2631622 
16*0.0 
0.0000000E+00 
13*0.0 
0.7488543 
13*0.0 
0.2507598 
13*0.0 
0.0000000E+00 

5.8606744E-02 

6.3425362E-02 

6.1351 895E-02 

6.8098724E-02 

7.3339343E-02 

1 . 000000 

5.8606748E-02 

6.3425377E-02 

6.1351877E-02 

6.8098679E-02 

0.1086666 

7.3339306E-02 

0.7319034 0.2680967 

0.2637621 

0.7319034 0.2680967 

0.2637621 

0.7319034 0.2680967 

0.2637621 

0.7491434 0.2508566 

0.2507598 

0.7319034 0.2680967 
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I 

! 
2 
! 
I 

1 

7 
I 

I 

I 

1 

10*0.0 
0.7200701 0.2637621 
10*0 .o 
0.2637622 
10*0.0 
0.0000000E+00 0.7319034 0.2680967 
7*0.0 
0.7200701 0.2637621 
7*0.0 
0.2637622 

7*0.0 
0.0000000E+00 0.7319034 0.2680967 
4*0.0 
0.7200701 0.2637621 
4*0.0 
0.2637622 
4*0.0 
0.2620601 0.7379398 
2*0.0 
0.7379399 
2*0.0 
0.8817897 0.1182102 
0.1182103 

NlMBEX OF SPRAY TRAINS 

FOR TRAIN 1 (IN RX B E  Cl,C3,Gl,C6,C7.C8,AND (3). 

SCKJRCE 03vIpAR?MENT, INJECTION TEMPERATURE ( K ) ,  FlW RATE (M**3/S), 
Nl-A4l3ER OF DROP SIZES; FOR EACH DROP SIZE: FREQUENCY AND DIAMETER 
(MICRONS 
293.15 .0687 2 

.64 1400. 

. 36  1100. 
! 
3 293.15 .0687 2 
.64 1400. 
.36  1100. 

4 293.15 .0613 2 
.33 1400. 
.67 1100. 

6 293.15 .0613 2 
.33 1400. 
.67 1100. 

7 293.15 .09597 2 
.66 1400. 
.34 1100. 

I 

I 

1 

I 
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F 

8 293.15 .0881 2 
.63 1400. 
.37 1100. 
! 
9 293.15 .09597 2 
.66 1400. 
.34 1100. 
! FOR SPRAY CluzRyCNER, THE soma 
! FRACTION CARRIED om3 

1 10 .74 
3 1 2  .74 
7 13 .63 
8 14 .68 
9 15 .63 
$ 

I 

m RECEIVING a h 4 P A R n E N I - S  AND THE 

! SPRAY CIM'ARlh4ENT AND SPRAY FALL H E I W  (M) 
1 6.096 
3 6.096 
4 5.486 
6 5.486 
7 6.096 
8 6.096 
9 6.096 
10 17.526 
1 2  17.526 
13 18.044 
14 11.98 
15 18.044 
$ 

! SPRAY ACIUATION CRITERIA FOR THIS TRAIN 
1 

I 

! NlMBER OF TOP-LEVEL (XITERIA IN "OR" 03NFIGURATION 
1 
! FOR EACH TOP CRITERIA, NLMBER OF 2ND-LEVEL CRITERIA IN "AND" 
! 03NFIGtlRATION, AND FOR EACH 2ND-LEvEL CRITERION, 
! hXME3EX OF ah4PARTvlENI'S TO TEST AND, FDR EACH 
! WARTENT TO TEST, THE a c M p A R m  ID AND THE PRESSUE (PA) 
! AND TEMPERA'IURE (K)  SETFOINTS. FINALLY, THE NlMBER OF 
! W A R T E N T S  THAT MJST MEET THE SElpoINTS FOR THE CRITERIA 
! T O B E M E 3  

! TEST CIM'ARTMENT 1 OR 3 AND 7 OR 9 AND ACIUAE I F  BOTH ARE TRUE "AND" 
2 

I 

1 

! 'imr m m i m  1 OR 3 FOR i o  I N M G .  
2 
1 103813.3 0 .  
3 103813.3 0 .  
1 
! T E S T W -  7 OR 9 FOR 10 I N W .  
2 
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7 103813.3 0. 
9 103813.3 0. 
1 

! DEIAY TIME FOR SPRAYS TO START AFI'ER ACIUATION AND TIME FOR 
! SPRAYS To RUN AFTER STARTING 
44.  1 .OE10 

! FOR TRAIN 2 ( I N  FG C19,C26,C27 AND C28).  

! NLMElER OF S(7uRcE Cth4PARTtENTS 
4 
! SOURCE CDvlPARTMENI', INJECTION TEMPERATURE ( K ) ,  W R A T E  (M**3/S), 
! W E R  OF DROP SIZES; FOR EAM DROP SIZE: FWQUEWY AND DIAh4EER 

19 293.15 .0076 1 
1.0 1690. 

26 293.15 .022 1 
1 .0  1690. 

27 293.15 .0126 1 
1 .0  1690. 
! 
28 293.15 .0337 1 
1 .0  1690. 
! FOR SPRAY CARRYCNER, ?HE SOURCE AND RECEIVING ( X M P A R ~ S  AM> 7l-E 
! FRACTION CARRIED OW3 

26 23 1 .0  
2 3  20 1 .0  
27 24 1.0 
24 21 1.0 
28 25 1.0 
25 22 1.0 
$ 
! SPRAY CKMPAR'TMEIVT AND SPRAY FALL H E I W  (MI 
19 1 5 . 8  
20 4 . 4 2  
21 4 . 4 2  
22 4 . 4 2  
23 5 . 6 8  
24 5 . 6 8  
25 5 . 6 8  
26  5 . 6 8  
27 5 . 6 8  
28 5 . 6 8  
$ 

! SPRAY ACXATION CRITERIA FOR ?HIS TRAIN 
! 
! W E R  OF CRITERIA I N  "OR" 03NFIGURATION 
1 

1 

I 

1 

! (MICRONS) 

1 

I 

I 

1 
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! 
! 
I 

1 

I 

! 
1 

I 

2 
! 
I 

I 

2 

KR EAM TOP CRITERIA, WI3 OF 2ND-LEVEL CRlTEXIA I N  ''AND'' 
03NFIGURATION, AND FOR EACH 2ND-LEVEL CRITERION, 
NlMBER OF o=MpAR?MENTS TO TEST AND, FOR EAfH 
O C M p A R m  To TEST, THE aMPARlMEN ID AND ?HE PRESSURE (PA) 
AND TEMPERATURE (K)  SETFQINTS. FINALLY, ?HE NI-MI3EB OF 
o(xIpARRuIENTS TEKT MJST M f 3 T  'THE SJTFOINTS FOR THE CRITERIA 
To BE MET 
TEST FG AND SG CELLS FOR 10 I N W .  

TEST FG cxrvlp 26 "OR" 28 FOR 10 I N W .  

26 103813.3 0. 
28  103813.3 0. 
1 
! TEST SGCELLS FOR 10 I N W .  
6 
30 103813.3 0. 
31 103813.3 0 .  
32 103813.3 0. 
34 103813.3 0. 
35 103813.3 0 .  
36 103813.3 0. 
1 
! 
! DELAY TIME FOR SPRAYS To START AFTER ACTUATION AND TIIkE FOR 
! SPRAYS TO RUN AI;TER STARTING 
44. 1.OE10 
! SPRAY HEAT EXa34PGEX IhFORh44TION 
S NO SPRAY RECIRC 
S No S W  I-IEAT D(cE.IANGERS 
! 
10000. 500. ! SIMJLATION TIME AND CPU TIME RBMINING 
1 

! INITIAL CXlNDITIONS 
I 

! TBuLI(, PP(1-41, LX 
!TEMP STEL444 N2 

339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 
339. 20500. 63850. 

02  
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 
16975. 

H 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

03Mr GAS VEL 
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
.3 
. 3  
. 3  
. 3  
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339. 20500. 63850. 16975. 0. 
477. 20500. 63850. 16975. 0 .  
505. 20500. 63850. 16975. 0.  
644. 0 .  80046. 21278. 0. 
322. 9350. 72660. 19315. 0.  
322. 9350. 72660. 19315. 0 .  
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0 .  
322. 9350. 72660. 19315. 0 .  
322. 9350. 72660. 19315. 0.  
322. 9350. 72660. 19315. 0.  
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0.  
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0.  
322. 9350. 72660. 19315. 0 .  
322. 9350. 72660. 19315. 0 .  
322. 9350. 72660. 19315. 0 .  
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0. 
339. 20500. 63850. 16975. 0 .  

! INITIAL CONDITIONS FOR W S  
! TA'IM, PPA'IM(1-4) 
300. 2798. 77836. 20691. 0. 

! SCURCEIXTA 

! STFAMANDWTER 

I 

1 

.3  

. 3  

. 3  

.3  

.3  

.3  

. 3  

. 3  

. 3  

.3  

.3  

. 3  

.3  

. 3  

.3  

.3  

. 3  

.3  

. 3  

.3  

.3  

. 3  

.3  

. 3  

! (IXIP, -1 = OONST. SCURCE T,  TEMP, SSROC 
16 3 477. 0 

0.0 0.0 9.0156E5 
0.1 16349.2 8.9179E5 
0 . 2  17620.2 8.9225E5 
0 . 4  18327.8 8.9272E5 
0 . 6  18465.6 8.9272E5 
1.0 18293.3 8.9295E5 
1 . 5  18282.4 8.9318E5 
2.0 18141.8 8.9388E5 
3 . 0  17964.4 8.9807E5 
5.0 17190.2 9.2714E5 
6 . 0  17003.3 9.5343E5 
7 .0  16060.7 9.8529E5 
8 . 0  14970.3 1.0188E6 
9 . 0  14533.0 1.0516E6 

10.0 13689.3 1.0814E6 
12 .0  11281.7 1.1290E6 
1 5 . 0  9411.10 1.1737E6 
2 0 . 0  8951.10 1.2221E6 
25.0 7414.40 1.2560E6 

! TIME RATE EN?HApY 
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30.0 5597.30 1.2837E6 
35.0 3980.70 1.3405E6 
40.0 2624.50 1.4593E6 
43.6 1808.00 1.4763E6 
45.0 2296.10 1.3707E6 
48.4 3859.10 1.0623E6 
50.0 4327.20 9.9739E5 
55.0 4388.00 9.7645E5 
59.0 4201.20 9.6901E5 
60.0 3568.80 1.0439E6 
62.0 3632.30 1.0123E6 
64.0 2805.00 1.1265E6 
66.0 2339.60 1.2023E6 
70.0 1996.70 1.2288E6 
75.0 983.400 1.7184E6 
78 .0  1219.30 1.4335E6 
80.0 1246.50 1.4882E6 
84.0 743.000 1.9273E6 
87.0 825.530 1.7368E6 
90.0 840.050 1.6582E6 
93.0 844.580 1.5896E6 
99.0 879.060 1.4775E6 

106.0 876.790 1.4233E6 
112.0 808.300 1.4570E6 
118.0 702.160 1.5145E6 
124.0 699.440 1.5545E6 
134.0 361.060 2.4214E6 
145.0 146.060 2.6633E6 
150.0 64.4100 2.6865E6 
156.0 10.8860 2.7028E6 
156.5 0 .0  2.7028E6 

3600.0 0 .0  2.7028E6 
$ 
$ 
! NITRCGEN 
$ 
! OXYGEN 
$ 
! HYDRCGEN 
! W, -1 = (XINST. SOURCE T ,  TEMP, SSROZ 
! 16 -1 1311. 0 

16 -1 477. 0 
I TIME RATE 

+0.00000E+00, +0.00000E+00 
+1.60000E+02, +4.60000E-04 
+3.20000E+02, +9.20000E-04 
+4.80000E+02, +3.22000E-03 
+5.60000E+02, +1.10400E-02 
+6.40000E+02, +2.02400E-02 
+7+20000E+02, +3.31200E-02 
+8.00000E+02, +4.78400E-02 
+8.32000E+02, +5.15200E-02 
+8.80000E+02, +4.23200E-02 
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+9.60000E+02, +3.49600E-02 
+1.12000E+03, +2.76000E-02 
+1.28OOOE+O3, +2.24480E-02 
+1.44000E+03, +1.87680E-02 
+1.60000E+03, +1.69280E-02 
+1.76000E+03, +1.47200E-02 
+1.92000E+03, +1.32480E-02 
+2.08000E+03, +1.19600E-02 
+2.24000E+03, +1.08560E-02 
+2.40000E+03, +9.93600E-03 
+2.56000E+03, +9.01600E-03 
+2.72000E+03, +8.64800E-03 
+2.88000E+03, +8.28000E-03 
+3.04000E+03, +8.09600E-03 
+3.20000E+03, +7.91200E-03 
+3.36000E+03, +7.54400E-03 
+3.52000E+03, +7.36000E-03 
+3.68000E+03, +7.17600E-03 
+3.84000E+03, +6.99200E-03 
+4.00000E+03, +6.90000E-03 
+4.16000E+03, +6.80800E-03 
+4.32000E+03, +6.62400E-03 
+4.48000E+03, +6.44000E-03 
+4.64000E+03, +6.25600E-03 
+4.80000E+03, +5.98000E-03 
+4.96000E+03, +5.98000E-03 
+5.12000E+03, +5.88800E-03 
+5.28000E+03, +5.70400E-03 
+5.44000E+03, +5.61200E-03 
+5.60000E+03, +5.56600E-03 
+5.76000E+03, +5.56600E-03 
+5.92000E+03, +5.54300E-03 
+6.08000E+03, +5.52000E-03 
+6.24000E+03, +5.42800E-03 
+6.40000E+03, +5.33600E-03 
+6.56000E+03, +5.24400E-03 
+6.72000E+03, +5.15200E-03 
+6.88000E+03, +5.15200E-03 
+7.04000E+03, +5.06000E-03 
+7.20000E+03, +4.96800E-03 
+7.36000E+03, +4.78400E-03 
+7.52000E+03, +4.69200E-03 
+7.68000E+03, +4.60000E-03 
+7.84000E+03, +4.50800E-03 
+8.00000E+03, +4.41600E-03 
+8.16000E+03, +4.04800E-03 
+8.32000E+03, +3.95600E-03 
+8.48000E+03, +3.86400E-03 
+8.64000E+03, +3.77200E-03 
+8.80000E+03, +3.68000E-03 
+8.96000E+03, +3.58800E-03 
+9.12000E+03, +3.49600E-03 
+9.28000E+03, +3.40400E-03 
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rc 

+9.44000E+03, +3.31200E-03 
+9.60000E+03, +3.31200E-03 
+9.76000E+03, +3.22000E-03 
+9.92000E+03, +3.12800E-03 
+1.00800E+04, +2.94400E-03 
+1.02400E+04, +2.76000E-03 
+1.04000E+04, +2.66800E-03 
+1.0560OE+O4, +2.57600E-03 
+1.07200E+04, +2.39200E-03 
+1.08800E+04, +2.30000E-03 
+1.10400E+04, +2.20800E-03 
+1.12000E+04, +2.11600E-03 
+1.13600E+04, +2.02400E-03 
+1.15200E+04, +1.93200E-03 
+1.16800E+04, +1.84OOOE-O3 
+1.18400E+04, +1.748OOE-O3 
+1.20000E+04, +1.65600E-03 
+1.21600E+04, +1.56400E-03 
+1.23200E+04, +1.47200E-03 
+1.24800E+04, +1.38000E-03 
+1.264OOE+O4, +1.288OOE-O3 
+1.28000E+04, +1.19600E-03 
+1.29600E+04, +1.10400E-03 

$ 
! IXLBLE IcII=RoGEN RATE FOR SENSITIVITY. 
! HYCROGEN 
! W, -1 = (XINST. SCURCE T, TEMP, SSROC 
! 16 -1 1311. 0 
! 16 -1  477. 0 
1 TIME RATE 
! +0.00000E+00, +0.00000E+00 
! +1.60000E+02, +9.20000E-04 
! +3.20000E+02, +1.84000E-03 
! +4.80000E+02, +6.44000E-03 
! +5.60000E+02, +2.20800E-02 
! +6.40000E+02, +4.04800E-02 
! +7.20000E+02, +6.62400E-02 
! +8.00000E+02, +9.56800E-02 
! +8.32000E+02, +1.03040E-01 
! +8.80000E+02, +8.46400E-02 
! +9.60000E+02, +6.99200E-02 
! +1.12000E+03, +5.52000E-02 
! +1.28000E+03, +4.48960E-02 
! +1.44000E+03, +3.75360E-02 
! +1.60000E+03, +3.38560E-02 
! +1.76000E+03, +2.94400E-02 
! +1.92000E+03, +2.64960E-02 
! +2.08000E+03, +2.39200E-02 
! +2.24000E+03, +2.17120E-02 
! +2.40000E+03, +1.98720E-02 
! +2.56000E+03, +1.80320E-O2 
! +2.72000E+03, +1.72960E-02 
! +2.88000E+03, +1.65600E-02 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

! 

! 
I 

I 

I 

I 

! 
I 

I 

I 

I 

I 

I 

1 

1 

1 

1 

I 

I 

! 

! 

! 
! 
! 

! 

I 

1 

1 

1 

1 

1 

! 
I 

I 

1 

1 

I 

I 

I 

I 

I 

1 

+3.04000E+03, +1.61920E-02 
+3.20000E+03, +1.58240E-02 
+3.36000E+03, +1.50880E-02 
+3.52000E+03, +1.47200E-02 
+3.68000E+03, +1.43520E-02 
+3.84000E+03, +1.39840E-02 
+4.00000E+03, +1.38000E-02 
+4.16000E+03, +1.36160E-02 
+4.32000E+03, +1.3248OE-O2 
+4.48000E+03, +1.28800E-02 
+4.64000E+03, +1.25120E-02 
+4.80000E+03, +1.19600E-02 
+4.96000E+03, +1.19600E-02 
+5.12000E+03, +1.17760E-02 
+5.28000E+03, +1.14080E-02 
+5.44000E+03, +1.12240E-02 
+5.60000E+03, +1.11320E-02 
+5.76000E+03, +1.11320E-02 
+5.92000E+03, +1.10860E-02 
+6.08000E+03, +1.10400E-02 
+6.24000E+03, +1.08560E-02 
+6.40000E+03, +1.06720E-02 
+6.56000E+03, +1.04880E-02 
+6.72000E+03, +1.03040E-02 
+6.88000E+03, +1.03040E-02 
+7.04000E+03, +1.01200E-02 
+7.20000E+03, +9.93600E-03 
+7.36000E+03, +9.56800E-03 
+7.52000E+03, +9.38400E-03 
+7.68000E+03, +9.20000E-03 
+7.84000E+03, +9.01600E-03 
+8.00000E+03, +8.83200E-03 
+8.16000E+03, +8.09600E-03 
+8.32000E+03, +7.91200E-03 
+8.48000E+03, +7.72800E-03 
+8.64000E+03, +7.54400E-03 
+8.80000E+03, +7.36000E-03 
+8.96000E+03, +7.17600E-03 
+9.12000E+03, +6.99200E-03 
+9.28000E+03, +6.80800E-03 
+9.44000E+03, +6.62400E-03 
+9.60000E+03, +6.62400E-03 
+9.76000E+03, +6.44000E-03 
+9.92000E+03, +6.25600E-03 
+1.00800E+04, +5.88800E-03 
+1.02400E+04, +5.52000E-03 
+1.04000E+04, +5.33600E-03 
+1.05600E+04, +5.15200E-03 
+1.07200E+04, +4.78400E-03 
+1.08800E+04, +4.60000E-03 
+1.10400E+04, +4.41600E-03 
+1.12000E+04, +4.23200E-03 
+1.13600E+04, +4.04800E-03 
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! +1.15200E+04,  +3 .86400E-03  
! +1.16800E+04,  +3 .68000E-03  
! +1.18400E+04,  +3 .49600E-03  
! +1.20000E+04,  +3 .31200E-03 
! +1.21600E+04,  +3 .12800E-03  
! +1.23200E+04,  +2 .94400E-03  
! +1.24800E+04,  +2 .76000E-03  
! +1.26400E+04,  +2 .57600E-03  
! +1.28000E+04,  +2 .39200E-03  
! +1.29600E+04,  +2 .20800E-03  
! $  
$ 
$ 
$ 
$ 
1 

I 

1 

! 
! 

! 
I 

$ 

! 
1 

1 

I 

$ 
I 

1 

I 

1 

$ 

! 
I 

I 

1 

$ 
1 

Nomm RIMJVAL mCA4 S W S  
No m A R m  ENERGY SCKTRCES 
No CDNTINWJS BURNING an.4PARTMENl'S 

TRIP LOGIC Fwz JUNCTIONS 

FALSE TRIP SIT TO FALSE AT -10  SEC. 
1XIP TYPE LMX I N  MMTESTS 

3 - 4  1 1 
TIME TEST 

TRIP TEST TIME 
0 -10. 

PRESSURE ma 2 
TRIP TYPE Locx 

4 1 2 
PRESSURE TEST 
Qxlp PRESS 

1 101821.  
3 101 8 2 1 .  

PRESSURE ma 2 
TRIP TYPE Lo(x 

21 1 2 
PRESSURE TEST 
CrMP PRESS 

7 101 8 2 1 .  
9 101821.  

PRESSURE CHECK 2 
TRIP TYPE UXX 
22  5 2 
TRIP TEST 

TRIP Ixsvrvn 
4 0 .  

21 0 .  

PRESSURE ma 2 

I N  W IN RX BLIX C1 & C3 "OR" LOGIC. 
IN MM TESTS 

1 

I N  W I N  RY B E  C7 & 0 "OR" LOGIC. 
I N  W TESTS 

1 

I N W  IN RX BLCG "AND" LOGIC. 
I N  Nlh.l TESTS 

2 

I N W  I N  PG "OR" LMjIC.  
!TRIP TYPE Lo(x IN W E S T S  

! PRESSURETEST 
5 1 2 1 
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! ah4e PRESS 
26 101821. 
28 101821. 

$ 
! PRESSURE CHECX 2 I N W  IN SG CELLS "OR" UIGIC. 
! TRIP TYPE LOCK I N  NIM TESTS 

! PRESSURE ?EST 
! CXMP PRESS 

11 1 2 1 

30 101821. 
31  101821. 
32 101 821. 
34 101821. 
35 101821. 
36 101821. 

$ 
! PRESSURE CHECX 2 I N  W I N  PG & SG CELLS "AND" LOGIC. 
! TRIP TYPE LOCK I N  NUM TESTS 

! TRIP TEST 
! TRIP IlAMY 

5 0.  
11 0. 

23 5 2 2 

$ 
! OR PRESSURE <HJ3CKS I N  Rx BLCG AND PG &SG. 
! TRIP TYPE LCKK I N  NLMTESTS 

! TRIP TEST 
! TRIP IlAMY 

22 0 .  
23 0. 

6 5 1 1 

$ 
! TIMER (STARTS TIMER AFTER TRIP 6 )  
! TRIP TYPE UXK I N  NUM TESTS 

! TI.% TEST 
! TRIP TIME 

6 150. 
$ 
! TIMER (STARTS TIMER AFTER TRIP 19) 
! TRIP TYPE UXK I N  NLM TESTS 

! TIME TEST 
! TRIP TIME 

19 55.  
$ 
! PRESSURE TO OPEN FILTER VENT A ? ?  CLOSE SPECIAL STEAM VENT IF < 3 I N  W 
! TRIP TYPE Locx I N  NLMTESTS 

! PRESSURETEST 
! a M P  PRESS 

19 6 1 1 

7 6 1 1 

8 -1  2 4 

1 102071. 
3 102071. 

C-32 



UNI-4 4 3 1 

c 

7 102071. 
9 102071. 

$ 
! TIMEX + PRESSURE CHECX.. 
!TRIP TYPE LOCX I N  NLMTESTS 

! TRIP TEST 
! TRIP w 

1 5 2 2 

7 0. 
8 0 .  

!$ 
! PRESSURE To OPEN SPECIAL STEAMVENT I N  RX B E G  C6. 
! TRIP TYPE Locx I N  NLM TESTS 

! PRESSURETEST 
! (IMP PRESS 

$ 
! PRESSURE To OPEN RMjuLAR STEAM VENT I N  RX BLDG C4. 
! TRIP TYPE JlIK I N  NLMTESTS 

! PRESSURETEST 
! (IMP PRESS 

$ 
! PRESSURE To OPEN REGULAR STEAMVENT I N  FG C19. 
! TRIP TYPE UXX I N  MMTESTS 

! PRESSURETEST 
! (IMP PRESS 

$ 
! PRESSURE To OPEN REGULAR STEAMVENT I N  FG C26. 
! TRIP TYPE Lo(x I N  MMTESTS 

! PRESSURETEST 
! aMP PRESS 

$ 
! PRESSURE TO OPEN REGULAR STEAM VENT I N  FG C28. 
! TRIP TYPE IMX I N  NLMTESTS 

! PRESSURE TEST 
! aMP PRESS 

$ 
! Lo(3( I N  TEST 1 AYD CIDSE SPECIAL STEAM VENT. 
! TRIP TYPE UXX I N  M T E S T S  

! TRIP TEST 
! TRIP m 
$ 

12 1 1 1 

6 109941. 

16 1 1 1 

4 115111. 

17 1 1 1 

19 115111. 

18 1 1 1 

26 115111. 

20 1 1 1 

28 115111. 

13 5 1 1 

1 0. 
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! SET To OPPOSITE OF TEST 1. 
! TRIP TYPE LOCK IN NIM TESTS 

! TRIP TEST 
1 TRIP JJMm 

$ 
! OPEN SPECIAL STEW VENT (ONLY IF  NIT ALREAW OPENED AND CWSED). 
! TRIP TYPE LMX I N  NIMTESTS 

! TRIP TEST 
I TRIP m 

14 - 5  2 1 

13  0 .  

15 5 2 2 

14 0 .  
12 0 .  

$ 
! LMX I N  TEST 19  AND CLOSE REGULAR STFAMVENTS. 
! TRIP TYPE Locx I N  NLMTESTS 

! TRIP TEST 
! TRIP w 
$ 
! SET TO OPPOSITE OF TEST 1 9 .  
! TRIP TYPE LMX IN NIM TESTS 

29 - 5  2 1 
! TRIP TEST 
I TRIP w 
$ 
! OPEN REGULAR STEAM VENT (ONLY IF !KX ALREADY OPENED AND CWSED) IN RX 
! TRIP TYPE Lo(x I N  NUvl TESTS 

! TRIP TEST 
I TRIP mm4Y 

28 5 1 1 

19 0 .  

28 0 .  

30 5 2 2 

29 0 .  
16 0 .  

$ 
! OPEN REmRAR STEAM VENT (ONLY IF  hUI ALREADY OPENED AND CLOSED) IN FG 
! TRIP TYPE LMX I N  NIMTESTS 

! TRIP TEST 
I TRIP IUMY 

24 5 2 2 

29  0 .  
17 0 .  

$ 
! OPEN REGULAR STEAM VEIW (ONLY IF  hUI ALREADY OPENED AND CLOSED) I N  FG 
! TRIP TYPE Lo(x I N  W E S T S  

! TRIP TEST 
! TRIP IUMY 

25 5 2 2 

29  0 .  
1 8  0 .  

$ 

c -34  
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! OPEN REGUIAR STEAM VEIVT (ONLY IF  IKX ALREADY OPENED AND CIDSED) I N  FG 
! TRIP TYPE LMX I N  NLMTESTS 

! TRIP TEST 
! TRIP lxMvlY 

26 5 2 2 

29 0.  
20 0.  

$ 
! RECLOSE PRESSURE c)IEo( FOR FILTER VENT AT 15 I N W .  
! TRIP TYPE LMX I N  W E S T S  

! PRESSURETEST 
! CRVlP PRESS 

2 1 2 1 

1 105055. 
3 105055. 
7 105055. 
9 305055. 

$ 
! TRUE TRIP SET TRUE AT -10 SEC. 
! TRIP TYPE LIXX I N  W T E S T S  

! TRIP TEST TIME 

$ 
! B W O F R X B I l X ; T O P G V E h T .  
! TRIP TYPE Lllxx I N  NLFVI TESTS 

10 - 2  1 1 
! PRESSURE TEST JUNCTION 2 2 .  
! JUNCTION PRESS 

$ 
! BLLMCIW OF RX B I D 3  TO PG VENT. 
! TRIP TYPE Lo(x I N  NUM TESTS 

9 4 1 1 

0 -10. 

22 -15513. 

27 - 2  1 1 
! PRESSURE TEST JUNCTION 23.  
! JUNCTION PRESS 

$ 
$ 
! TABLES FOR J W I O N S  

! OPEN TABLE FUR FILTER VENT 
1 
! TIME VQPEN 

2 3  - 1551 3.  

I 

0 .  0 .  
10. 1. - $ 

! CZOSE TABLE KR FILTER VENT 
2 
! TIME VQPEN 

0 .  1. 
10. 0 .  

$ 
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! OPENING TABLE FOR RX B E  To FG VENT 
3 
! DIFF PRESS YQPEN 

0 .  0 .  
3 7 3 .  0. 
6 2 2 .  1 .  

$ 
! OPEN TABLE FOR SPECIAL AND FEGUlAR STEW VENTS. 
4 
! TIME YOPEN 

$ 
! ClDSE TABLE FOR SPECIAL STEAM VENT. 
5 
! ‘TIME YQPEN 

$ 
! CLOSE TABLE FOR RMjuLAR STEAMVENT. 
6 
! TIME YOPEN 

0 .  1 .o 
2 5 .  0 .  

0 .  1. 

0 .  1 . o  
15. 0 .  

$ 
$ 
! I N I T A L W  TEMPERATURES 

32*339.  
2*477 .  
2*505 .  
1 *644 .  
47*322 .  
2*339 .  

! NAMELIST TYPE INPUT 

! m m  m m o L  VARIABLES 

I 

I 

1 

DELTFL = .01 
DELVR = .1 
! kp/DRoGEN IGNITION LIMITS 
XIrnlG=1 . o  
! TIMESTEP CDNTROL VARIABLES 
!ESF CD?TIROLS 
SPRAYS=ALW 
$ 
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0 
0 
N 

0 0 
0 
N 

I 

0 
0 
v 

I 

0 
0 
u3 

1 

0 
0 
a3 

1 
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0 

L 
0 
4 
0 
13 
0 
L 

c 

t, 
0 
C 
3 
7 

I I I 1 1 
I l l  1 1 1 1  1 1 1 1  I l l ,  I l l 1  I l l 1  I I I I  0 1 1  

- 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
M c\l 4 d nl M d+ m CD n 

I I I I 1 1 1 

D-129 

0 
0 
0 
m 

0 
0 
0 
v 

0 
0 
Ir, 
u 

0 ,o 
0 
H 

'0 
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APPENDIX E 

INPUT DECK FOR CASE 10 

(65-VOLUME MODEL) 
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! INITIAL NPMELIST TYPE INPUT 
u = 9  
W L T R  = CRAY 
$ END OF NAMELIST INPUT 

! PROBLEM GEXMiiY AND ODNTAIPA4f3VT DESCRIPTION 

N REACTOR CASE 10 65 VOL$ 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

I********************************************* 

?HIS IS  A 65 W L W  DECK USED FOR SCOPING CALQJLATIONS OF 
(3XMBUSTION RESPONSE AT N REACTOR 

ALL SI UNITS 

65 ! Nl.Mi3ER OF UNPAR'IMEiTS 
! 
! FOR EACH aMPARTdEIW: AN ID, lHE W L W  (M**3) ,  ELEVATION (MI,  FIAME 
! PROPAGATION LENGTH (M) ,  IVM3ER OF SURFACES, AND INEGJ3S 
! SPECIFYING WICH S W  TO CCMP EXCESS WTER (FRW SUPERSATURATION) 
! Ihm ANDWICH S W  THE SPRAYS FALL INID. 
1 

C1- FR0hTRXBL.D 
11243. 9.9 19.8 4 1 1 
c2 -RJ3RRX3L.D 
11543. 5.7 1 9 . 8  4 2 2 
C3-PIPE-GALL-31 
1810.42 0.309 7.62 3 5 5 
C4 - P 1 PE-GALL 
1761.2 -2.67 16.0 3 3 3 
C5-PIPE-GALL 
862.34 -2.67 9.14 2 3 3 
C6-PIPE-GALL 
2651.55 -2.67 24.38 3 3 3 
C7-PIPE-GALL 
1920.1 2.38 16.0 2 3 3 

1096.3 2.38 9.14 2 3 3 

2922.94 2.38 24.38 2 3 3 

2090.85 8.06 16.0 2 3 3 

1144.58 8.06 9.14 2 3 3 

3118.53 8.06 24.38 2 3 3 

1189.15 18.21 7.32 1 3 3 

5699.93 2.97 12.04 3 4 4 

C8-PIPE-GALL 

C9 - P I PE -GALL 

Cl0-PIPE-GALL 

Cll-PIPE-GALL 

C12-PIPE-GALL 

C13-PRES-PENT 

C14-AU?icELL-l4C 

E-2 
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,- 

_I- 

C15 -FI LTERBLD 
3881. 8.35 141.3 2 0 0 

78.48 6.83 2.67 2 5 5 

72.29 6.83 2.67 2 5 5 

72.29 6.83 2.67 2 5 5 

80.46 9.55 2.67 2 5 5 

75.02 9.55 2.67 2 5 5 

75.02 9.55 2.67 2 5 5 

84.54 6.83 2.67 2 5 5 

78.34 6.83 2.67 2 5 5 

78.34 6.83 2.67 2 5 5 

85.02 9.52 2.67 2 5 5 

79.58 9.52 2.67 2 5 5 

79.58 9.52 2.67 2 5 5 

C16-FG- 32 

C17 -E- 33 

C18-PG-34 

C19 -E- 35 

C20 - PG- 36 

C21 -E-37 

C22-PG-38 

C2 3 - E- 39 

C24 - E- 3 10 

C25 -E- 3 1 1 

C26-PG-312 

C27 -PG- 31 3 

C28-sG6-141 
286.32 -2.41 6.04 3 5 5 
C29-sG6-142 
334.91 -2.41 6.04 3 5 5 
C30-SG6-143 
286.32 -2.41 6.04 3 5 5 
C31-SG6-144 
310.23 2.75 6.04 2 5 5 

337.28 2.75 6.04 2 5 5 

310.23 2.75 6.04 2 5 5 

169.74 6 . 8 3  6.04 2 5 5 

169.74 6.83 6.04 2 5 5 

169.74 6.83 6.04 2 5 5 

166.15 9.47 6.04 2 5 5 

166.15 9.47 6.04 2 5 5 

166.15 9.47 6.04 2 5 5 

C32-SG6-145 

C33-SG6-146 

C34-SG6-147 

C35-SG6-148 

C36-SG6-149 

C37-SG6-1410 

C38-SG6-1411 

C39-SG6-1412 

C40-SG6-1413 
237.34 -2.35 6.04 2 5 5 
C4-SG6-1414 
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288.79 -2.35 6.04 2 5 5 
C42-SG6-1415 
237.34 -2.35 6.04 2 5 5 
C43 - SG6 - 1 4 1 6 
310.23 2.75 6.04 2 5 5 

337.28 2.75 6.04 1 5 5 

310.23 2.75 6.04 2 5 5 

163.68 6.83 6.04 2 5 5 

163.68 6.83 6.04 1 5 5 

163.68 6.83 6.04 2 5 5 

152.89 9.41 6.04 2 5 5 

152.89 9.41 6.04 2 5 5 

152.89 9.41 6.04 2 5 5 

176.59 2.75 3.16 2 5 5 

176.59 2.75 3.16 2 5 5 

176.59 2.75 3.16 2 5 5 

85.71 6.83 3.16 2 5 5 

85.71 6.83 3.16 2 5 5 

85.71 6.83 3.16 2 5 5 

77.20 9.36 3.16 2 5 5 

77.20 9.36 3.16 2 5 5 

77.20 9.36 3.16 2 5 5 

6561.10 3.32 15.24 3 3 3 

6561.10 3.32 15.24 3 3 3 

6561.10 3.32 15.24 3 3 3 

6561.10 3.32 15.24 3 3 3 

6561.10 3.32 15.24 3 3 3 

! FOR EACH S W :  S W  NLMBER, h44.IMh.IWLW (M**3), S W  MMBER lH4T 
! THIS s w  OVERFma m 
! 

C44-336-1417 

C45-SG6- 1418 

C46-SG6-1419 

C47 - SG6 - 1420 

C48-SG6-1421 

C49 - SG6 - 1 42 2 

C50-SG6-1423 

C51-336-1424 

C52-S6-1425 

C53-SG6-1426 

C54-SG6-1427 

C55-SG6-1428 

C56-SG6-1429 

C57-SG6-1430 

C58 - SG6 - 143 1 

C59-SG6-1432 

C60-336-1433 

C61-sGcELL1-14A 

C62-SGCELL2-14B 

C63-SGCELL3-14D 

C64-SGCELL4-14E 

C6S-SGCELL5-14F 

I 

E-4 
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-- 

I 

I 

1 

1 
1 

1 

! 
1 

I 

2 

! 

3 
! 
! 

4 

5 
$ 

I 

1 

1 

1 

1 

1 

I 

! 
1 

1 

1 

I 

1 

I 

! 
I 

I 

S W  1 IS -TH THE ELEVATOR I N  F R N  RX B L E .  MMEN IT FILLS 
VATEX F'JXF.3 ONlOlHE Fux)R AND INIDCRAINS. IT IS REMNED FRQVlTHE RX 
BLCG. 
16.9 0 
S W  2 I S  THE BANANAVALL. IT HAS A VERY LARGE V O L M  SINCE IT 
CONNECTS To ?HE FUEL POOL;EK3EVE% ME NEGLECT THAT HERE AND GLaJIATE 
THE WLWE I N  THE CAVITY ONLY. SINCE WEN IT CJWWWMB THEWTER GOES 
To 7HE DRAINS AND IS REMlVED FRCMTHE RX BLCG, THE EFFECT IS  'IHE SAME 
AS IF WE INCREASED THE V O L W  BUT DID NOT ADD IT To THE RO(IMV0LLME. 
413. 0 
WERE ARE 6 S W S  ENH OF WICH HAS 15 M**3 OF WTER INITIALLY 
AND 234.5 M**3 OF EMF'TY V O L W  POR A XJIAL V O L W  OF 249.5 IW**3. 
?HIS SIMP HAS 5 CELLS. 
1247.5 5 
S W  4 IS  AN ARBITRARY S W  I N  ?HE AUX CELL SO ?HAT WTER WILL 
LEAVE THE SYSTEM AND THE W L M  OF WTER WILL BE SUBTRACTED FRCM 7HE 
AUX CELL W L M .  
2000. 0 
THIS S W  I S  FOR 'IHE CELL I N W I C H  THERE IS A BREAK. 
249.5 3 

FOR EAW SURFACE: TYPE OF SURFACE, M S  OF SURFACE (KG), AREA OF 
SURFACE (M**2), (X4RACEXISTIC LENG?H (M), SPECIFIC HEAT (J/KG/K), 
FMISSIVITY, INTEGER INDICATIM~IWICH S W  THE ENDENSATE GOES INID. 
FOR SLABS (STYPE = 11, THE YUdBER OF LAYERS IN THE SURFACE, AND FOR 
FAM, THE THICKNESS ( M I ,  'I€ERM4L DIFFUSIVITY (M**2/S), AND THETWX 
CDNDNT1VITY ( W M K ) .  FINALLY, THE NODING INKXh44TION AND HIUNlXtY 
OllNDITIONS ARE SPECIFIED (0's INDICATE HECTR WILL DETERMlNE 
THE VALUES INERNALLY). IKTE ?HAT S W  OF ?HE NUvBERS SET To 1 .  
ARE NOT USED FOR THAT SURFACE TYPE. 

C1 SURFACES 

SUMP1 
3 15000. 24.55 4.16 1. .94 1 
03NC1 
1 1. 4143.3 24.3 1. . 9  1 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0. 
a X K 1 H  
1 1. 139.8 9.1 1. .9 1 
1 
.3 1.6E-6 2.39 
0 0. - 1 .  477. 
S'l'EEL1 
2 333336. 1597. 1. 531.7 .7 1 

! C2 SURFACES 

SIMP2 
3 400800. 42.6 5.03 1. .94 2 

1 

I 
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0 3 K 2  
1 1 .  4438.6 24 .3  1 .  . 9  2 
1 
. 3  1.6E-6 2 .39  
0 0 .  0. 0. 
03NC2H 
1 1 .  139 .8  9 .1  1 .  . 9  2 
1 
. 3  1.6E-6 2 .39  
0 0 .  -1.  505. 
STEEL2 
2 357665.6 1454. 1.  531.7 . 7  2 

! c3 SURFACES 

s w 3  
3 7515. 47 .38  1 . 8 3  1 .  .94 5 
(13K3 
1 1 .  757.61 2.71 1 .  . 9  5 
1 
. 3  1 .6E-6  2 .39  
0 0 .  0 .  0 .  
STEEL3 
2 67601.15 274.59 1 .  531.7 . 7  5 

! C4 SURFACES 

s w 4  
3 15030. 94 .77  1 . 8 3  1 .  .94 3 
(13m 
1 1 .  591.6 4 . 4 2  1 .  . 9  3 
1 
. 3  1 .6E-6  2 .39  
0 0 .  0 .  0. 
STEEL4 
2 137122.8 556.98 1 .  531.7 . 7  3 

! C5 SURFACES 

1 

I 

1 

I 

I 

I 

(xINC5 
1 1 .  356.74 4.42 1.  .9  3 
1 
. 3  1 . 6 E - 6  2 .39  
0 0 .  0 .  0. 
STEEL5 
2 78355.9 318.27 1 .  531.7 .7  3 
I 

! C6 SURFACES 
! 
S W 6  
3 22545. 142 .15  1 . 8 3  1 .  .94 3 
03NC6 
1 1 .  886.96 4.42 1 .  . 9  3 

E-6 
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x 

1 
. 3  1 .6E-6  2 . 3 9  
0 0 .  0 .  0. 
STEEL6 
2 208949. 848 .73  1 .  5 3 1 . 7  . 7  3 

! C7 SURFACES 
! 
CINc7 
1 1 .  526.22 5 . 6 8  1 .  . 9  3 
1 
. 3  1 .6E-6  2 .39  
0 0 .  0. 0 .  
S’EEL7 
2 8066. 32 .76  1.  531.7 . 7  3 

! C8 SURFACES 

I 

1 

I 

cnNc8 
1 1 .  276.43 5.68 1.  . 9  3 
1 
. 3  1.6E-6 2 .39  
0 0 .  0. 0 .  
STEEL8 
2 4609.2 18 .72  1.  531.7 . 7  3 

! c 9  SWACES 

a x e 9  
1 1 .  763 .9  5 . 6 8  1 .  . 9  3 
1 
. 3  1.6E-6 2 .39  
0 0 .  0. 0 .  
STEEL9 
2 12291. 4 9 . 9 3  1 .  531 .7  . 7  3 

! C10 SURFACES 

aONCl0 
1 1 .  896.75 5 . 6 8  1 .  . 9  3 
1 
. 3  1.6E-6  2 . 3 9  
0 0 .  0 .  0 .  
STEEL1 0 
2 16132.1 6 5 . 5 3  1 .  531.7 . 7  3 

! (31 SURFACES 

UIYC11 
1 1.  307 .1  5 . 6 8  1 .  . 9  3 
1 
. 3  1 .6E-6 2 . 3 9  
0 0. 0. 0.  

1 

I 

I 

I 

I 

4- 
I 
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STEELl 1 
2 9218.3 37 .44  1. 531.7 . 7  3 
! 
! c 1 2  SURFACES 
! 
m 1 2  
1 1.  1261.63 5 .68  1. .9 3 
1 
. 3  1.6E-6 2 . 3 9  
0 0 .  0 .  0 .  
STEEL 1 2 
2 24582.2 99 .85  1 .  531.7 . 7  3 

! C13 SURFACES 

o O K l 3  
1 1. 543 .8  14 .6  1. .9 3 
1 
. 3  1 .6E-6 2 . 3 9  
0 0 .  0. 0 .  
! 
! C14 SURFACES 

S W l 4  
3 0.0 1.0 1 .0  1. .94 4 
m w 1 4  
1 1 .  1941.42 15.47 1. .9 4 
1 
.3  1.6E-6 2 . 3 9  
0 0 .  0 .  0 .  
STEELl 4 
2 160044.5 650.10 1. 531.7 . 7  4 

! C15 SURFACES 

COX1 5 
1 1.  1742.7 68 .  1. .94 0 
1 
. 3  1 .6E-6  2 .39  
0 0 .  0 .  0 .  
STEELl 5 
2 243071.5 4907.3 1 .  531.7 . 7  0 

! C16 SURFACES 
! 

oONCl6 
1 1 .  31.84 2.67 1. . 9  5 
1 
.3  1.6E-6 2 .39  
0 0 .  0 .  0. 
STEELl 6 
2 768.20 3 .12  1 .  531.7 . 7  5 

I 

I 

I 

I 

1 

I 

I 

E-8 
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! e17 s U R F m s  

03NC17 
1 1. 13.55 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEELl 7 
2 768.20 3.12 1. 531.7 .7 5 

! C18 SURFACES 

(7oNc18 
1 1.  27.78 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0. 
STEELl 8 
2 768.20 3.12 1. 531.7 .7 5 
! 
! c19 SURFACES 

03NC19 
1 1. 61.96 2.77 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEELl 9 
2 768.20 3.12 1. 531.7 .7 5 

! C20 SURFACES 

03NC20 
1 1.  41.30 2.77 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL20 
2 768.20 3.12 1 .  531.7 .7 5 

! C21 SURFACES 

aNC2 1 
1 1. 56.06 2.77 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL2 1 
2 768.20 3.12 1. 531.7 .7 5 

! C22 SURFACES 

m 2  2 

I 

I 

1 

1 

I 

I 

1 

1 

I 

I 
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1 1. 37.92 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0. 
STEEL2 2 
2 768.20 3.12 1 .  531.7 .7 5 

! C23 SURFACES 
! 
03NC2 3 
1 1. 19.63 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0. 
STEEL2 3 
2 768.20 3.12 1. 531.7 .7 5 

! C24 SURFACES 

O K 2 4  
1 1. 33.85 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0 .  
STEEL24 
2 768.20 3.12 1. 531.7 .7 5 

! C25 SURFACES 
! 
CDK2 5 
1 1. 67.18 2.71 1 .  .9 5 
1 
. 3  1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL2 5 
2 768.20 3.12 1. 531.7 .7 5 
! 
! C26 SURFACES 

03NC26 
1 1. 46.82 2.71 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0 .  0 .  0 .  
STEEL2 6 
2 768.20 3.12 1. 531.7 .7 5 
! 
! C27 SURFACES 

a x 2  7 
1 1. 61.29 2.71 1. .9 5 
1 
.3 1.6E-6 2.39 

1 

1 

I 

1 

I 

I 

E-10 
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1- 

0 0. 0 .  0. 
STEEL2 7 
2 768.20 3.12 1 .  531.7 .7 5 

! C28 SURFACES 

S W 2  8 
3 2505. 15.79 1.83 1. .94 5 
03K2 8 
1 1. 152.22 4.82 1 .  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL2 8 
2 14967.73 60.26 1 .  531.7 .7 5 

! C29 SWA!ZES 

S W 2 9  
3 2505. 15.79 1.83 1 .  .94 5 
O K 2 9  
1 1. 73.76 4.82 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL2 9 
2 3741.93 15.06 1 .  531.7 .7 5 

! C30 SURFACES 

S W  30 
3 2505. 15.79 1.83 1 .  .94 5 
CDNC30 
1 1 .  152.22 4.82 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL30 
2 14967.73 60.26 1 .  531.7 .7 5 
! 
! C31 SURFACES 
! 
CDhC3 1 
1 1 .  94.29 5.50 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0.  0. 0.  
STEEL3 1 
2 11225.80 45.19. 1. 531.7 .7 5 

! C32 SURFACES 

CDNC3 2 

1 

I 

1 

1 

1 

I 

1 

1 

E-11 
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1 1 .  27.92 5 . 5 0  1. . 9  5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL32 
2 3741.93 15.06 1. 531.7 . 7  5 

! c33 SURFACES 

oDK3 3 
1 1. 94.29 5.50  1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL3 3 
2 11225.80 45.19 1. 531.7 .7 5 

! C34 SURFACES 
! 
cx1Nc34 
1 1.  43.80 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL34 
2 7483.86 30.13 1. 531.7 .7 5 

I 

1 

I 

I 

! c35 s w m s  
(x1Nc35 
1 1.  11.68 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL3 5 
2 3741.93 15.06 1. 531.7 .7 5 

I 

I 

! C36 SURFACES 

oDK3 6 
1 1 .  43.80 2.67 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0. 
STEEL36 
2 7483.86 30.13 1 .  531.7 

! C37 SURFACES 

m 3  7 
1 1. 104.55 2.61 1 .  .9 5 
1 
.3 1.6E-6 2.39 

I 

1 

1 

7 5  

E-12 
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0 0. 0 .  0. 
STEEL3 7 

1 2 1870.96 7.53 1. 531.7 .7 5 

! C38 SURFACES 
! 
ohC3 8 
1 1. 73.05 2.61 1.  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL3 8 
2 1870.96 7.53 1 .  531.7 .7 5 

! c39 SURFACES 
! 
ooNc39 
1 1. 104.55 2.61  1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL39 
2 1870.96 7.53 1. 531.7 .7 5 

! C40 SURFACES 

(XINc40 
1 1. 165.42 4.71 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0 .  
STEEL40 
2 14967.73 60.26 1. 531.7 .7 5 

! C41 SURFACES 
! 
CDNc41 
1 1. 84.98 4.71 1 .  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL4 1 
2 3741.93 15.06 1 .  531.7 .7 5 

! C42 SC'RFACES 

0NC42 
1 1.  165.42 4.71 1. .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0. 
STEEL4 2 
2 14967.73 60.26 1 .  531.7 .7 5 

I 

I 

1 

I 

I 

1 

I 



UNI - 4 4 3 1  
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! C43 SURFACES 

03NC43 
1 1.  66 .37  5.50 1. . 9  5 
1 
. 3  1 .6E-6 2 .39  
0 0 .  0 .  0 .  
STEEL4 3 
2 11225.80 45 .19  1. 531.7 . 7  5 
! 
! C44 SURFACES 

STEEL44 
2 3741.93 15.06 1. 531.7 . 7  5 

! C45 SURFAES 

cx1Nc45 
1 1 .  66 .37  5 . 5 0  1 .  . 9  5 
1 
.3  1.6E-6 2 . 3 9  
0 0 .  0 .  0 .  
STEEL45 
2 11225.80 45.19 1. 531.7 . 7  5 

! C46 SURFACES 

03NC46 
1 1 .  32.21 2 .67  1. .9 5 
1 
. 3  1 .6E-6 2 . 3 9  
0 0 .  0 .  0 .  
STEEL4 6 
2 7483.86 30.13 1. 531.7 . 7  5 
! 
! C47 SURFACES 

STEEL4 7 
2 3741.93 1 5 . 0 6  1 .  531.7 . 7  5 

! C48 SURFACES 

03NC48 
1 1 .  32.21 2 . 6 7  1. . 9  5 
1 
. 3  1 .6E-6 2 . 3 9  
0 0 .  0 .  0 .  
STEEL4 8 
2 7483.86 30.13 1. 531.7 . 7  5 

! C49 SURFACES 

I 

1 

I 

1 

1 

1 

1 

I 

1 

I 
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m m 9  
1 1 .  91 .45  2 .49  1 .  . 9  5 
1 
. 3  1 . 6 E - 6  2 .39  
0 0 .  0 .  0 .  
STEEL4 9 
2 1870.96 7 .53  1. 531.7 . 7  5 

! C50 SURFACES 
I 

I 

03NC50 
1 1 .  61 .36  2 . 4 9  1. . 9  5 
1 
. 3  1 .6E-6  2 . 3 9  
0 0 .  0 .  0 .  
STEEL50 
2 1870.96 7 . 5 3  1. 531 .7  . 7  5 

! C51 SURFACES 
I 

I 

mx5 1 
1 1 .  9 1 . 4 5  2 .49  1. .9  5 
1 
. 3  1.6E-6  2 . 3 9  
0 0. 0 .  0 .  
STEEL5 1 
2 1870.96 7 .53  1 .  531 .7  . 7  5 

! C52 SURFACES 
! 

(1oNc5 2 
1 1 .  94.81 5.50 1. . 9  5 
1 
. 3  1.6E-6 2 . 3 9  
0 0 .  0 .  0 .  
STEEL5 2 
2 1870.96 7 .53  1 .  531 .7  . 7  5 

! c 5 3  SURFACES 

O;)NC5 3 
1 1 .  60 .06  5.50 1. .9  5 
1 
. 3  1 . 6 E - 6  2 . 3 9  
0 0 .  0 .  0 .  
STEEL5 3 
2 3741.93 15.06 1.  531 .7  . 7  5 

! C54 SURFACES 

I 

I 

I 

I 

I 

011x54 
1 1 .  94 .81  5.50 1.  . 9  5 
1 
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.3 1.6E-6 2.39 
0 0. 0 .  0 .  
STEEL54 
2 1870.96 7.53 1. 531.7 .7 5 

! c55 SURFACES 

m 5 5  
1 1. 30.42 2.67 1 .  .9 5 
1 
.3 1.6E-6 2.39 
0 0 .  0. 0. 
STEEL5 5 
2 1870.96 7.53 1 .  531.7 .7 5 

! C56 SURFACES 

CDNC56 
1 1 .  13.55 2.67 1.  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL56 

1 

I 

I 

1 

2 1870.96 7.53 1 .  531.7 .7 5 
1 

! C57 SURFACES 

03NC5 7 
1 1. 30.42 2.67 1.  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL5 7 

1 

2 1870.96 7.53 I .  531.7 .7 5 

! c5a SURFACES 

a x 5  a 

I 

1 

1 1. 59.38 2.40 1 .  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL5 8 
2 1870.96 7.53 I .  531.7 .7 5 
1 

! C59 SURFACES 

axe59 
1 1. 44.18 2.40 1 .  .9 5 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL59 

I 
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*I 

2 1870.96 7 . 5 3  1. 531.7 .7  5 

! C60 SURFACES 
! 
(3DNc60 
1 1.  59 .38  2 . 4 0  1. .9 5 
1 
.3  1.6E-6 2.39 
0 0 .  0 .  0.  
STEEL60 
2 1870.96 7 .53  1.  531.7 . 7  5 

! C61 SURFACES 

S W 6  1 
3 7515. 47.38 1 . 8 3  1. .94 3 
cDNc6 1 
1 1.  2144.85 15.44 1. .9 3 
1 
.3  1 .6E-6  2 .39  
0 0 .  0 .  0 .  
STEEL6 1 
2 187096.60 785.66 1. 531.7 . 7  3 

! C62 SURFACES 

S W 6 2  
3 7515. 47 .38  1 . 8 3  1. .94 3 
cxINc6 2 
1 1.  2144.85 15.44 1.  .9 3 
1 
.3  1.6E-6 2.39 
0 0 .  0.  0 .  
STEEL6 2 
2 187096.60 785.66 1. 531.7 . 7  3 

! C63 SURFACES 

S W 6 3  
3 7515. 47 .38  1.83 1. .94 3 
<xINc6 3 
1 1 .  2144.85 15.44 1. .9 3 
1 
. 3  1 .6E-6 2.39 
0 0 .  0 .  0 .  
STEEL6 3 
2 187096.60 785.66 1. 531.7 . 7  3 

! C64 SURFACES 
! 
S W 6 4  
3 7515. 47.38 1 . 8 3  1 .  .94 3 
(x1Nc64 

1 

1 

I 

1 

1 

1 

1 

I 
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1 1. 2144.85 15.44 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0. 0 .  0. 
STEEL64 
2 187096.60 785.66 1. 531.7 

! C65 SURFACES 

S W 6 5  
3 7515. 47.38 1.83 1. .94 3 
03x6 5 
1 1 .  2144.85 15.44 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL6 5 
2 187096.60 785.66 1. 531.7 

I 

I 

I 

I 

! OWAIIWENT LEAKAGE INFoRn 
I 

. I  

.7 

IT 

" 3  

3 

ON 

! NlMBER OF LEAKS, NlMBER OF PRESSURE AND TEMPERATURE-DEPENDENT 
! LEAKAGECURVES 
! 
! NOL NOP NOT 
25 1 0 

! LEAK QXIpARTENT, TEMPERAlURE-IXPENXNT LEAKAGE WRVE, PRESSURE- 
! DEPENDENT LEAKAGE CURVE, CDNTAINENT FAILURE FLAG, C D W A I m  
! FAILURE CRITERION, CDNTAIM.IIENT FAILURE AREA (M**2), LEAK ELEVATION 
! ( M I ,  LEAK LOSS COEFFICIENT, L/A FOR LEAK (1/M) 

! ClMP TCIJRVE PcL;RvE NCF CRIT AREA Z J I  FLI LA 
! FILERED RELEASE To OUTSIDE. 

! LEAKS FRCMSGCELLS. 

I 

15 0 0 1 0 .  14.3 61.6 1.0 .01 

41 0 0 1 0. .187 -4.9 17.14 .01 
61 0 0 1 0 .  .187 -4.9 17.14 .01 
62 0 0 1 0 .  .187 -4.9 17.14 .01 
63 0 0 1 0 .  . 1 8 7  -4.9 17.14 .01 
64 0 0 1 0. .187 -4.9 17.14 .01 
65 0 0 1 0 .  .187 -4.9 17.14 .01 
14 0 0 1 0 .  .187 -4.9 17.14 .01 
59 0 0 1 0 .  .005 10.7 1.0 .01 
61 0 0 1 0 .  .005 10.7 1.0 .01 
62 0 0 1 0. .005 10.7 1.0 .01 
63 0 0 1 0 .  .005 10.7 1.0 .01 
64 0 0 1 0. .005 10.7 1 .0  .01 
65 0 0 1 0 .  .005 10.7 1.0 .01 
14 0 0 1 0 .  .005 1 0 . 7  1.0 .01 

! VAClN'vl BREAKER FOR RX B L E .  
1 0 -1 0 -1723. 1.3 17.8 1.6 .01 

! VENT OPENS AT -1723 DIFF PRESS FULL OPEN AT -3446 
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! REGULAR STEAMVENT IN RX B E  C1. 

! VENT CLOSES AFI'ER 2 I N W  PRESSURE + 150 SEC. 
. 1 OPEN CLOSE OPEN TYPE CLOSE TYPE 
! TRIP TRIP TABLE TABLE TABLE TABLE 

! LEAK FRCM FG To Wl-+SIDE. 

! REGULAR STEAMVENTS IN PG C3(2). 

! Vl3T CLOSES AFTER 2 I N W  PRESSURE + 150 SEC. 
! OPEN CZOSE OPEN TYPE CLOSE TYPE 
! TRIP TRIP TABLE TABLE TABLE TABLE 

! REGUIAR STEAMVENTS IN PG ClO(4). 

! VENT CLOSES AFTER 2 I N W  PRESSURE + 150 SEE. 
I OPEN CLOSE OPEN TYPE CLOSE TYPE 
I TRIP TRIP TABLE TABLE TABLE TABLE 

! REGULAR STEAMVENTS IN FG C12(7). 

! VENT CLOSES AFTER 2 IN W PRESSURE + 150 SEC. 
1 OPEN CLOSE OPEN TYPE CLOSE TYPE 
! TRIP TRIP TABLE TABLE TABLE TABLE 

! VAaLiLMBREAKER I N  FG. 

! LEAK FRCMREAR RX B E .  

! LEAK FRCA4 FRONT RX BLDG. 

! SPECIAL STEAM VENT IN RX BLDG. 

I OPEN CLOSE OPEN TYPE CLOSE TYPE 
1 TRIP TRIP TABLE TABLE TABLE TABLE 

1 0 0 5 115111. 2.63 17.8 1.74 

23 19 4 1 6 1 

6 0 0 1 0.  ,003 -4.9 1.0 

19 0 0 5 115111. 5.26 10.9 3.01 

24 19 4 1 6 1 

10 0 0 5 115111. 10.52 10.9 3.01 

25 19 4 1 6 1 

12 0 0 5 115111. 18.41 10.9 3.01 

26 19 4 1 6 1 

10 0 -1 0 -1723. 1.3 10.9 1.6 

2 0 0 1 0. .003 12.2 1.0 

1 0 0 1 0. .003 12.2 1.0 

1 0 0 5 109941. 2.63 17.8 1.74 

15 13 4 1 5 1 
1 

1 1 

.Ol 

.01 

.Ol 

.01 

.01 

.Ol 

.01 

.Ol 

.Ol 

0.  10. 100. 1000. 1723. 2153.75 2584.5 3015.25 3446. 3 
1.OE-8 1.OE-8 1.OE-8 1.OE-8 1.OE-8 .325 .65 .975 1.3 
0. 0. 0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
! 
! FUMi JUNCTION MTA: UXIPAR'MDT ID'S, TYPE OF CDWECHON, FLIx.lr 
! AREA (M**2), UlSS (XIEFFICIm, L/A RATIO (l/h4), RELATIVE POSITION OF 
! CIMPARIMENIX, AND JUNCTION EIXVATION (MI . 
! ADDITIONAL I h J M T I O N  IS  PROVIDED FOR JUNCTION TYPE 7. 
! 
! E N 3 4  FRONT TO REAR RX B E .  
1 2 1 24.2 1.395 .01 0 17.53 
! TO FILTER BLDG FRCM RX B E  (FILTER VENTS). 
1 15 7 7.04 66.26 .01 0 19.74 
! OPEN TRIP CLOSE TRIP BLOW TRIP ABLOW 

E-19 
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1 2 3 0. 
! OPENTABLE TYPETABLE CLOSETABLETYPETABLE 

1 1 2 1 
! m s  mal4 PG TO SGprAUx CELLS. 
22 34 1 7.94 1.0 -01 0 7.15 
23 35 1 7.94 1.0 .01 0 7.15 
24 36 1 7.94 1.0 .01 0 7.15 
25 37 1 7.94 1.0 .01 0 9.21 
26 38 1 7.94 1.0 .01 0 9.21 
27 39 1 7.94 1.0 .01 0 9.21 
10 61 1 47.66 1.0 .01 0 8.32 
10 62 1 47.66 1.0 .01 0 8.32 
1 1  14 1 47.66 1.0 .01 0 8.32 
12 63 1 47.66 1.0 .01 0 8.32 
12 64 1 47.66 1.0 .01 0 8.32 
12 65 1 47.66 1.0 .01 0 8.32 
! AUXCELLIXOR. 
8 14 1 3.25 2.0 .01 0 2.98 
! OPEN CROSS VENT REAR RX BLDG TO FG. 
10 2 1 2.37 2.0 .01 1 15.24 
! VARIABLE CROSS VENT REAR RX BLDG TO PG. 
10 2 7 7.11 2.0 .01 1 15.24 
! OPEN TRIP CLOSE TRIP BLOW TRIP ABIDAN 

9 3 10 5.52 
! OPEN TABLE TYPE TABLE CLOSE TABLE TYPE TABLE 

3 2 3 2 
12 2 7 9.47 2.0 .01 1 15.24 
! OPEN TRIP CLOSE TRIP B W  TRIP ABIDAN 

9 3 10 7.36 
! OPEN TABLE TYPE TABLE W S E  TABLE TYPE TABLE 

3 2 3 2 
! CROSS VENT R W E N  REAR RX BLCG AND PG 
! 16.58 IS THE FULL OPEN AREA kXQt4 FG TO RX B E  AND 12.88 
! IS 'ME FULL OPEN AREA FRCA4 RX BLCG TO PG. 15513 IS  THE DP (PA) 
! TO SHEAR 'ME PIN AND OPEN 'ME WOR FRCM RX BLDG TO E. 

! S W B E 3 W E N P G A N D S G C E L L S  

! IF 18.54 M**3 ADDEQ 'IHEN S W  P W S  START . 11  M**3/S PER SG CELL 

! M I N W L  M X W L  S W  BLOUOUT 

I 

! ELEV=-6.4M;AREA=243.24-.1728*VOL(ADXD) 

3 28 6 11.70 2.0 .01 0 -6.4 

15 249.63 5 0 
3 29 6 11.70 2.0 .01 0 -6.4 
1 MINVOL M X V O L  S W  BUMOW 

15 249.63 5 0 
3 30 6 11.70 2.0 .01 0 -6.4 
! M I N W L  MXVOL S W  BUMOW 

15 249.63 5 0 
4 61 6 40.54 2.0 .Ol 0 -6.4 
. 1 MJNWL WXVOL S W  B m  

4 62 6 40.54 2.0 .01 0 -6.4 
75 1248.17 3 0 

! M I N W L  M4XVOL S W  BLUWLT 
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c- 

75 1248.17 3 0 
6 63 6 40.54 2 .o 
! MINVOL M4XVOL S W  BIDXXJT 

75 1248.17 3 0 
6 64 6 40.54 2 .o 
! MINMIL M V O L  S W  BIDXXJT 

75 1248.17 3 0 
6 65 6 40.54 2 .o 
. I M I N W L  M V O L  S W  BIDXXJT 

75 1248.17 3 0 
! FULL JUNCTIONS B m E N  V O L W S  IN FG. 
4 5 1 47.15 1 .o 
5 6 1 47.15 1 .o 
4 7 1 341.41 1 .o 
5 8 1 195.09 1 .o 
6 9 1 520.24 1 .o 
7 8 1 60.59 1 .o 
8 9 1 60.59 1 .o 
7 10 1 341.41 1 .o 
8 11 1 195.09 1 .o 
9 12 1 520.24 1 .o  
10 11 1 60.59 1 . o  
11 12 1 60.59 1 . o  
11 13 1 84.54 1 .o  
! JUNCTIONS B W E H  3 AND OIHE% FG MIL. 
3 4 1 22.9 1 .o  
3 7 1 2.96 1 .o 
3 10 1 1.67 1 .o 
16 10 1 8.13 1 .o 
19 10 1 7.14 1 .o 
22 10 1 8.13 1 .o 
25 10 1 7.14 1 .o 
! NEW JUNCTIONS I N  SG CELL 6 
28 29 1 58.21 1 .o  
29 30 1 58.21 1 .o 
31 32 1 66.37 1 .o 
43 44 1 66.37 1.0 
32 33 1 66.37 1 .o 
44 45 1 66.37 1 .o 
34 35 1 32.21 1 .o  
46 47 1 32.21 1 .o 
35 36 1 32.21 1 .o 
47 48 1 32.21 1 .o 
37 38 1 31.50 1 .o 
38 39 1 31 S O  1 .o 
28 31 1 61.37 1 .o 
40 43 1 61.37 1 .o  
29 32 1 61.37 1 .o 
41 44 1 61.37 1 .o 
30 33 1 61.37 1 .o 
42 45 1 61.37 1 . o  
31 34 1 61.37 1 .o  
43 46 1 61.37 1 .o  

. O l  

-01 

.01 

.01 
* 01 
.01 
.01 
. O l  
. O l  
-01 
. O l  
. O l  
. O l  
. O l  
. O l  
. O l  

. O l  

.01 

.01 

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

.01 

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

.01 

.01 

. O l  

.01 

.01 

.01 
f 01 

0 -6.4 

0 -6.4 

0 -6.4 

0 -2.67 
0 -2.67 
1 - .46 
1 - .46 
1 - .46 
0 2.38 
0 2.38 
1 5.22 
1 5.22 
1 5.22 
0 8.06 
0 8.06 
1 10.9 

0 -2.67 
0 - 0.064 
0 5.36 
0 6.83 
0 9 .33  
0 6 .83  
0 9 .33  

0 -2.41 
0 -2.41 
0 2 .75  
0 2.75 
0 2.75 
0 2.75 
0 6 .83  
0 6 .83  
0 6 .83  
0 6 .83  
0 9.47 
0 9.47 
1 0.0 
1 0.0 
1 0.0 
1 0.0 
1 0.0 
1 0.0 
1 5 .50  
1 5.50 
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32 
44 
33 
45 
34 
46 
35 
47 
36 
48 
49 
50 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
52 
5 3  
55 
56 
58 
59 
52 
53 
54 
55 
56 
57 
43 
44 
45 
46 
47 
48 
49 
50 
51 
40 
41 

35 
47 
36 
48 
37 
49 
38 
50 
39 
51 
50 
51 
40 
41 
42 
43  
44 
45 
46 
47 
48 
49 
50 
51 
53 
54 
56 
57 
59 
60  
55 
56 
57 
58 
59 
60 
52 
53 
54 
55 
56 
57 
58 
59 
60 
41 
42 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

! NJW JUNCTlONS I N  FG 3 
3 22 1 
3 23 1 
3 24 1 
3 16 1 
3 17 1 

61.37 
61.37 
61.37 
61.37 
61.37 
61.37 
61.37 
61.37 
61.37 
61.37 
30.09 
30.09 
24.20 
24.20 
24.20 
27.92 
27.92 
27.92 
13.55 
13.55 
13.55 
12 .96  
12.96 
12 .96  
34.76 
34.76 
16.87 
16 .87  
15 .19  
15.19 
32.13 
32.13 
32.13 
32.13 
32.13 
32.13 
27.92 
27.92 
27.92 
13.55 
13.55 
13.55 
12.36 
12.36 
12.36 
5 6 . 8 3  
56 .83  

27.10 
27 .10  
27.10 
27.10 
27.10 

1 .o  
1 .o  
1 .o  
1 .o  
1 .o  
1 . o  
1 . o  
1 .o  
1 . o  
1 .o  
1 .o  
1 . o  
1 .o  
1 .o  
1 .o 
1 . o  
1 .o  
1 . o  
1 .o  
1 .o  
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
1 .o  
1 . o  
1 .o  
1 .o  
1 .o 
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
1 . o  
7 . o  
1 . o  
1 . o  
1 . o  
1 . O  
1 . o  
1 . o  

1 . o  
1 .o  
1 .o  
1 .o  
1 . o  

.01 

. O l  

.01 

.01 

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

. O l  

.01 

.01 

.01 

. O l  

.01 

. O l  

. O l  

. O l  

. O l  

. O l  

.01 

.01 

.01 

. O l  

.01 

. O l  

. O l  

.01 

.01 

.01 

. O l  

. O l  

.01 

.01 
I O 1  
.01 
.01 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5.50 
5.50 
5.50 
5.50 
8.16 
8.16 
8.16 
8.16 
8.16 
8 .16  
9 .41  
9 .41  

- 2 . 3 8  
-2 .38  
-2 .38  
2 .75  
2 . 7 5  
2 .75  
6 . 8 3  
6 . 8 3  
6 . 8 3  
9 . 4 4  
9 . 4 4  
9 . 4 4  
2 .75  
2.75 
6 . 8 3  
6 . 8 3  
9 . 3 8  
9 .38  
5 .50  
5.50 
5 . 5 0  
8.16 
8.16 
8 .16  
2 . 7 5  
2 .75  
2 .75  
6 . 8 3  
6 .83  
6 . 8 3  
9 . 3 8  
9 . 3 8  
9 . 3 8  

- 2 . 3 5  
- 2 . 3 5  

5.50 
5 . 5 0  
5.50 
5.50 
5.50 
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c 

3 18 1 27.10  1 .o 
16 19 1 27 .10  1 .o 
17 20 1 27.10 1 .o 
18 21 1 27 .10  1 .o 
22 25 1 27.10 1 .o 
23 26 1 27 .10  1 .o 
24 27 1 27.10 1 .o 
16 17  1 1 4 . 2 3  1 .o 
17  1 8  1 1 4 . 2 3  1 .o 
19 20 1 14 .76  1 .o 
20 21 1 14 .76  1 .o 
22 23 1 1 4 . 2 3  1 .o  
23 24 1 1 4 . 2 3  1 .o 
25 26 1 14 .47  1 .o 
26 27 1 14 .47  1 .o 
16 22 1 13.55 1 .o 
17 23 1 13.55 1 .o 
18 24 1 13.55 1 .o  
19 25 1 13 .92  1 . o  
20 26 1 13 .92  1 .o  
21 27 1 13 .92  1 .o 
$ END OF JUNCTIONS 
$ No ICE mNDENsER 
$ No SUPPRESSION POOL 
$ No FANS 
$ No FAN CIDLER 

I 

! BEAM LENG?H AND V I E 4  FACTOR M4TRICES 

! BEAMLENG?HS 
I 

I 

6.854734 6.854734 6.854734 

6.854734 6.854734 6.854734 

6.854734 6.854734 

6.854734 

6.840296 6.840296 6.840296 

6.840296 6.840296 6.840296 

6.840296 6.840296 

6.840296 

6.037082 6.037082 6.037082 

6.037082 6.037082 

6.037082 

139*0.0 

139*0.0  

139*0.0 

139*0 . O  

135*0.0 

135*0.0 

135*0.0 

135*0.0  

132*0.0 

132*0.0 

132*0.0 

.01 1 

.01 1 

. O l  1 

.01 1 

. O l  1 

. O l  1 

. O l  1 

. O l  0 

. O l  0 

.01 0 

. O l  0 

.01 0 

. O l  0 

.01 0 

. O l  0 
, O l  0 
.01 0 
.01 0 
.01 0 
.01 0 
.01 0 

6.854734 

6.840296 

5.50 
8.16 
8 . 1 6  
8.16 
8 . 1 6  
8.16 
8 .16  
6 . 8 3  
6 . 8 3  
9 . 5 5  
9 . 5 5  
6 . 8 3  
6 . 8 3  
9 . 5 2  
9 . 5 2  
6 . 8 3  
6 . 8 3  
6 . 8 3  
9 . 5 3  
9 . 5 3  
9 . 5 3  
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5.099385 

5.099385 

5.099385 

4.599079 

4.599079 

5.083277 

5.083277 

5.083277 

12.36602 

12.36602 

13.37178 

13.37178 

12.92971 

12.92971 

7.8221 10 

7.8221 10 

11.95939 

11 .95939 

8.245959 

8.245959 

7.872269 

7.915043 

7.915043 

7.915043 

2.100992 

2.100992 

8.081465 

129*0.0 

129*0.0 

129*0.0 

127*0.0 

127*0.0 

124*0.0 

124*0.0 

124*0.0 

122*0 .o 

122*0.0 

120*0.0 

120*0.0 

118*0.0 

118*0.0 

116*0.0 

116*0.0 

114*0.0 

114*0.0 

112*0.0 

112*0.0 

111*0.0 

108*0.0 

108*0.0 

108*0.0 

106*0.0 

106*0.0 

5.099385 5.099385 

5.099385 

4.599079 

5.083277 5.083277 

5.083277 

12.36602 

13.37178 

12.92971 

7.8221 10 

11.95939 

8.245959 

7.915043 7.915043 

7.915043 

2.100992 

8.081465 

E-24 
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x 

1 

104*0 .O  

104*0 .O  

102*0 .o 
102*0.0 

100*0.0 

100*0.0 

98*0.0 

98*0 .O  

96*0.0 

96*0.0 

94*0.0 

94*0.0 

92*0.0 

92*0.0 

90*0 .O  

90*0.0 

88*0 .O 

88*0.0 

86*0.0 

86*0.0 

84*0.0 

84*0.0 

82*0 .O  

82*0.0 

79*0.0 

79*0.0 

79*0.0 

8 -081465 

15 A1152 

15 -61152 

8.422135 

8.4221 35 

4.450768 

4.450768 

6.079964 

6.079964 

4.563569 

4.563569 

7.415790 

7.415790 

12.39666 

12.39666 

7.628456 

7.628456 

4.353798 

4.353798 

5.736644 

5 - 736644 
4.447881 

4.447881 

4.51 5495 

4.515495 

4.515495 

15.61 152 

8.422135 

4.450768 

6.079964 

4.563569 

7.415790 

12.39666 

7.628456 

4.353798 

5.736644 

4.447881 

4.515495 4.515495 

4.515495 
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11.52544 

11 .52544 

11.52544 

4.515495 

4.515495 

4.515495 

8.007084 

8.007084 

28.25054 

28.25054 

8.007084 

8.007084 

8.265441 

8.265441 

22.85206 

22.85206 

8.265441 

8.265441 

5.336723 

5.336723 

7.422933 

7.422933 

5.336723 

5.336723 

3.785998 

3.785998 

10.39228 

76*0 .0  

76*0 .0  

76*0 .0  

73*0 .0  

73*0 .0  

73*0 .0  

71*0.0 

7 1 * 0 . 0  

69*0 .0  

69*0 .0  

6 7 * 0 . 0  

67*0 .0  

65*0 .0  

65*0 .0  

63*0 .0  

63*0 .0  

61*0 .0  

61*0 .0  

59*0 .0  

59*0 .0  

57*0 .0  

57*0  . O  

55*0 .  0 

55*0 .0  

53*0 .0  

53*0 .0  

11.52544 

11.52544 

4.515495 

4.515495 

8.007084 

28.25054 

8.007084 

8.265441 

22.85206 

8.265441 

5.336723 

7.422933 

5.336723 

3.785998 

10.39228 

11.52544 

4.515495 

E-26 
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51*0.0 

51*0.0 

49*0.0 

49*0.0 

47*0.0 

47*0.0 

46*0.0 

44*0.0 

44*0.0 

42*0.0 

42*0.0 

41*0.0 

39*0.0 

39*0.0 

37*0.0 

37*0.0 

35*0.0 

35*0.0 

33*0.0 

33*0.0 

31*0.0 

31*0.0 

29*0.0 

29*O. 0 

27*0.0 

27*0.0 

25*0.0 

10.39228 

3.785998 

3.785998 

10.01 101 

10.01 101 

56.72031 

10.01 101 

10.01 101 

9.4521 66 

9.452166 

39.12669 

9.452166 

9.452166 

5.560760 

5.560760 

7.989606 

7.989606 

5.560760 

5.560760 

6.211 882 

6 . 2 1  1882 

8.462779 

8.462779 

6.211 882 

6 . 2 1  1882 

8.130592 

3.785998 

10.01 101 

10.01 101 

9.452166 

9.452166 

5.560760 

7.989606 

5.560760 

6 .211  882 

8.462779 

6.211882 

8.130592 
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8.130592 
25*0.0 

14.63738 
23*0.0 

14 A3738 
23*0.0 

8.130592 
23*0.0 

8.130592 
21*0.0 

4.153639 
19*0.0 
4.153639 

19*0 .O  
5.374589 

17*0.0 
5.374589 

17*0.0 
4.153639 

15*0.0 
4.153639 

15*0.0 
7.931777 

12*0.0 
7.931777 

12*0.0 
7.931777 

12*0.0 
7.931777 
9*0.0  
7.931 777 
9*0.0  
7.931777 
9*0.0 
7.931777 
6*0.0 
7.931777 
6*0 .0  
7.931777 
6*0 .0  
7.931 777 
3*0.0  
7.931 777 
3*0.0 
7.931777 
3*0.0 
7.931777 
7.931777 
7.931777 

1 

! VIENFACRRS 

0.0000000E+00 
1 

14.63738 

8.130592 

4.153639 

5.374589 

4.153639 

7.931777 

7.931777 

7.931777 

7.931777 

7.931777 

7.931777 

7.931777 

7.931777 

7.931777 
7.931777 

0.7046309 

7.931 777 

7.931777 

7.931 777 

7.931 777 

7.931777 

2.3775108E-02 0.2715940 

E-28 
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,- 

139*0.0 

139*0.0 

139*0.0 

139*0.0 

135*0.0 

135*0.0 

135*0.0 

135*0.0 

132*0.0 

132*0.0 

132*0.0 

129*0 . O  

129*0.0 

129*0.0 

127*0 . O  

127*0.0 

124*0.0 

124"O.O 

124*0.0 

122*0 . o  
122*0.0 

120*0.0 

120*0.0 

118*0.0 

118*0 . O  

116*0.0 

116*0.0 

0.7016890 

2.3675842E-02 

0.2704601 

0.0000000E+00 

0,7305974 

2.30112OOE-02 

0.2393296 

0.0000000E+00 

0.7002851 

0.2538130 

0.0000000E+00 

0.4725720 

0.4449174 

0.5284958 

0.4715042 

0.0000000E+00 

0.469161 8 

0.4489399 

0.9413933 

5.8606744E-02 

0.9365746 

6.3425362E-02 

0.9386481 

6.1351895E-02 

0.93 1901 3 

6.8098724E-02 

2.3675844E-02 0.2704601 

0.2704601 

0.7357934 2.3174856E-02 0.2410318 

2.3011198E-02 0.2393296 

0.2393296 

0.7339760 0.2660240 

0.2538130 

0.5150708 0.4849292 

0.4449174 

0.4715041 

0-51 10129 0.4889871 

0.4489399 

5.8606748E-02 

6.3425377E-02 

6.1351877E-02 

6.8098679E-02 
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0.891 3333 

0.1086667 

0.9266607 

114*O . O  

114*0.0 

112*0.0 

112*0.0  

11 1*0.0 

108*0.0 

108*0.0 

108*0.0 

106*0.0 

106*0.0 

104*0.0 

104*0.0 
0 .81  28374 

102*0.0  
0.1871626 

102*0.0 
0.8990291 

100*0.0 
0.1009709 

1 oo*o. 0 
0.9520590 
98*0.0 

98*0.0  
0.9297614 
96*O. 0 

96*0.  0 
0.9472795 
94*0.0  
5.2720487E-02 
94*0.0 
0.9239766 
92*0.0  

92*0.0  
0.8628571 
90*0.0 
0.1371 429 
90*O. 0 
0.9156073 

7.3339343E-02 

1 .000000 

0.0000000E+00 

0.7488524 

0.250761 7 

0.2620601 

0.7379399 

0.9107552 

8.9244843E-02 

4.7941089E-02 

7.023859OE-02 

7.6023400E-02 

0.1086666 

7.3339306E-02 

0.7491 41 5 

0.250761 8 

0.7379398 

8.924485OE-02 

0.1871626 

0.1009709 

4.7940992E-02 

7.0238635E-02 

5.2720513E-02 

7.6023392E-02 

0.1371429 

8.4392756E-02 

0.2508586 

E-30 
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i. 

88*0 .O  

88*0 . O  
0.9556187 
86*0.0 

86"O.O 
0.9375250 
84*0.0 

84*0.0 
0.9515603 
82*0.0 

82*0.0 
0.0000000E+00 
79*0.0 
0.6631594 
79*0.0 
0.2625278 
79*0.0 
0.0000000E+00 
76*0.0 
0.68281 13 
76*0.0 
0.1394135 
76*0.0 
0.0000000E+00 
73*0 .O  
0.6631 594 
73*0.0 
0.2625278 
73*0.0 
0.6760109 
71*0.0 
0.3239892 
71*0.0 
0.6496045 
69*0.0 
0.3503955 
69*0 .O 
0.6760109 
67*0 . O  
0.3239892 
67*0.0 
0.5924523 
65*0.0 
0.4075477 
6 5 * 0 . 0  
0.4367988 
63*0.0 
0.563201 2 
63*0.0 

8.4392726E-02 

4.4381201E-02 

6.2474966E-02 

4.8439741E-02 

4.4381220E-02 

6.247497OE-02 

4.8439678E-02 

0.7163969 0.2836032 

0.2625278 

0.8304436 0.1695564 

0.1394135 

0.7163969 0.2836032 

0.2625278 

0.3239891 

0.3503956 

0.3239891 

0.4075477 

0.5632012 

E-31 
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0.5924523 0.4075477 
61*0.0 
0.4075477 
61*0.0 

59*0.0 

59*0.0 

5 7 * 0 . 0  

57*0.0 

55*0.0 

55*0. 0 
0.7329848 0.2670152 
53*0.0 
0.2670152 
53*0.0  
0.8494602 0.1505398 
51*0.0 
0.1505398 
51*0.0 
0.7329848 
49*0.0 
0.2670152 
49*0.0 
0.5949265 
47*0.0  
0.4050735 
47*0.0 

1 . 000000 
46*0.0 
0.5949265 
44*0.0  
0.4050735 
44*0.0 
0.5166827 
42*0.0 
0.4833173 
4 2 * 0 . 0  

1 .oooooo 
41*0.0  
0.5166827 0.4833173 
39*0.0  
0.4833173 
39*0.0  

37*0.0  

37*0.0 
0.8906953 0.1093047 

0.9328158 6.7184158E-02 

6.7184091E-02 

0.9065525 9.3447506E-02 

9.3447447E-02 

0.9328158 6.7184158E-02 

6.7184091E-02 

0.9239240 7.6075979E-02 

7.6075971E-02 

0.26701 52 

0.4050735 

0.4050735 

0.4833173 

E-32 
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35*0.0 
0.1093047 
35*0.0 
0.9239240 
33*0.0 

33*0.0 
0.9264218 
31*0.0 

31*0.0 
0.7995207 
29*0.0 
0.2004793 
29*0.0 
0.926421 8 
27*0.0  

27*0.0  
0.8015810 
25*0.0 
0.1984190 
25*0.0 
0.6427894 
23*0.0 
0.3572106 
23*0.0 
0.8015810 
21*0.0 
0.1984190 
21 *o.o 
0.8874607 
19*0.0 
0.1125393 
19*0.0  
0.8543802 
17*0.0  
0.1456198 
17*0.0  
0.8874607 
15*0.0 
0.1125393 
15*0.0 
0.0000000E+00 
1 2 * 0 . 0  
0.7200701 
12*0.0 
0.2637622 
12*0.0  
0.0000000E+00 

9*0.0 
0.7200701 

9 * 0 . 0  

7.6075971E-02 

7.3578179E-02 

7.3578379E-02 

/- 

1 

7.6075979E-02 

7.3578276E-02 

0.2004792 

7.3578276E-02 

0.1984190 

0.3572106 

0.1984190 

0.11 25392 

0.1456198 

0.1125392 

0.7319034 0.2680967 

0.2637621 

0.7319034 0.2680967 

0.2637621 
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! 
! 
2 
I 

1 

! 
2 
I 

I 

1 

1 

0.2637622 

0.0000000E+00 0.7319034 0.2680967 

0.7200701 0.2637621 

0.2637622 

0.0000000E+00 0.7319034 0.2680967 

0.7200701 0.2637621 

0.2637622 

0.0000000E+00 0.7319034 0.2680967 
0.7200701 0.2637621 
0.2637622 

9*0.0 

6*0.0 

6*0.0 

6*0.0 

3*0.0 

3*0.0  

3*0.0 

NCMBER OF SPRAY TRAINS 

FOR TRAIN 1 ( IN RX B E  C1 AND C2). 

SOURCE aMF'AR?MENT, INJECTION 'MERATJFLE ( K ) ,  FLDN RATE (M**3/S), 
NlMBER OF DROP SIZES; FOR EA(+I DROP SIZE: FREQUENCY AND DI- 
(h4l CRONS 
293.15 .26 2 

.49 1400. 

.51 1100. 

2 293.15 .28 2 
.65 1400. 
.35 1100. 

I 

I 

I 

! 
$ 

1 
2 
$ 

! 
! 

2 
! 

! 

I 

I 

I 

I 

I 

I 

1 

FOR SPRAY CARRYOVER, THE smCE AND RECEIVING CrxlpARRVlENTs AND ?HE 
FRACTION CARRIED OVER 

SPRAY W A R =  AND SPRAY FALL HEIGHT (M) 
12.65 
24.1 

SPRAY A-TION CRITERIA FOR ?HIS TRAIN 

lWW3ER OF 'KJP-LEVEL CRITERIA IN "OR" 03NFIGLJRATION 

FOR EAm TOP CRITERIA, I\RMBER OF 2ND-LEVEL CRITERIA IN "AND" 
CJ3hiIGURATION, AND FOR EACH 2ND-LEVEL CXITERION, 
NLM3ER OF c1MpAR?MENTS TO TEST AND, FOR EAM 
C D v l P A R m  TO TEST, 'ME a A 4 P A R m  ID AND ?HE PRESSURE (PA) 
AND TEMPERATURE (K) SETPOIhTS. FINALLY, ?HE MMBER OF 
an4PARTMEPXS ?HAT MJST MEET THE SET'POIIVTS FOR THE CRITERIA 

E-34 
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,- 

! T o B E M i T  
! 
! TEST W A R T M E L T  1 AND 2 AND A(=TUATE IF EITHER IS TRW ”OR”. 
! 
! TEST W A R =  1 FOR 10 I N W .  
1 
1 
1 103813.3 0. 
1 
! TESTCXMPARMENT 2 FCR 10 I N W .  
1 
1 
2 103813.3 0. 
1 

! DELAY T I M  FOR SPRAYS To START 
! SPFL4YS 70 RUN AFIER STARTING 
44. 1.OE10 

! FOR TRAIN 2 (IN PG C3,ClO,C11, 

! NldMBER OF SOURCE C€MPARTMNE 
9 

I 

1 

I 

AFER ACTUATION AND TIME FOR 

AND c12). 

! SOURCE WARTvlELW, INJECTION THWERA?URE ( K ) ,  W R A T E  (M**3/S), 
! W E R  OF DROP SIZES; FOR M 1  DROP SIZE: FREQUENCY AND DI- 
! (MICRONS) 
19 293.15 .001267 1 
1.0 1690. 
20 293.15 .001267 1 
1.0 1690. 
21 293.15 .001267 1 
1.0 1690. 
25 293.15 .001267 1 
1.0 1690. 
26 293.15 .001267 1 
1.0 1690. 
27 293.15 .001267 1 
1.0 1690. 
! 
10 293.15 .022 1 
1.0 1690. 

1 1  293.15 .0126 1 
1.0 1690. 

12 293.15 .0337 1 
1.0 1690. 
! FOR SPRAY CARRYOVER, THE SOURCE AND RECEIVING W A R m S  AND ?HE 
! FRACTION CARRIED OVEX 

19 16 1.0 
20 17 1.0 
21 18 1.0 

I 

1 

1 
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25 22 1.0 
26 23 1.0 
27 24 1.0 
16 3 1.0 
17 3 1.0 
18 3 1.0 
22 3 1.0 
23 3 1.0 
24 3 1.0 
10 7 1.0 
7 4 1.0 
11 8 1.0 
8 5 1.0 
12 9 1.0 
9 6 1.0 
$ 
! SPRAY UXPARIMENT AND SPRAY FALL H E I W  (M) 
3 10.37 
16 2.67 
17 2.67 
18 2.67 
19 2.77 
20 2.77 
21 2.77 
22 2.67 
23 2.67 
24 2.67 
25 2.71 
26 2.71 
27 2.71 
4 4.42 
5 4.42 
6 4.42 
7 5.68 
8 5.68 
9 5.68 
10 5.68 
11 5.68 
12 5.68 
$ 
I 

1 

I 

I 

1 
I 

I 

1 

I 

I 

I 

! 
I 

SPRAY ACTUATION CRITERIA FOR THIS TRAIN 

NWE3ER OF CRITERIA IN "OR" ONFIGURATION 

FOR EACH TOP CRITERIA, W E R  OF 2ND-LEVEL CRITERIA IN "AND" 
ONFIGURATION, AND FUK EACH 2ND-LEVEL CRITERION, 
NLMBER OF O A R T M E N I ' S  TO TEST A ! ! ,  FOR EACH 
O A R T h E W  TD TEST, 'IHE O A R =  ID AND ?HE PRESSURE (PA) 
AND TEMPERATURE (K) SETFOINTS. FINALLY, 'IHE NLh4EER OF 
aA4PARThEWS ?HAT MJST MEET ?HE SEIPOINTS FOR THE CRITERIA 
TO BE MET 
TEST FGAND SGCELLS FOR 10 I N W .  
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c- 

2 

! TEST FG aA4P 10 "OR" 12 FOR 10 I N W .  
2 
10 103813.3 0 .  
12 103813.3 0. 
1 
! TEST SGCELLS FOR 10 I N W .  
6 
50 103813.3 0 .  
61 103813.3 0 .  
62 103813.3 0 .  
63 103813.3 0 .  
64 103813.3 0 .  
65 103813.3 0 .  
1 

! DELAY TIME FOR SPRAYS n> START AFTER ACIU4TION AND TIME FOR 
I 

! SPRAYS To RUN AFIER STARTING 
44.  1.OE10 
! SPRAY HEAT DioIANGER INFOFEWTION 
$ NO SPRAY RECIRC 
$ NO S W  HEAT M(3-IANGERS 

2500. 500. ! SIMJlATION TIME AND CPU 
I 

TIME REMIININ3 
1 

! INITIAL 03NDITIONS 

I T B U ,  PP(1-41,  UX 
!TEMP STEAM N2 

I 

339. 20500. 63850. 
339. 20500. 63850. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 

,-- 322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 
322. 9350. 72660. 

0 2  
16975. 
16975. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 
19315. 

H 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

03Mr G S  VEL 
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
.3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
. 3  
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322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 
322. 

I 

9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 
9350. 

72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 
72660. 19315. 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

. 3  

. 3  

.3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

. 3  

! INITIAL CIINDITIONS FOR LEAKS 

300. 2798. 77836. 20691. 0. 

! SllLTRCEWTA 

! STEAMANDWYI-ER 
! W, - 1  = (IXJST. S m C E  T,  TEMP, SSRCC 

! TAW, PPATM(1-4) 

I 

I 

44 3 477.  0 
! TIME RATE ENTHAPY 
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0.0 
0 .1  
0 . 2  
0 . 4  
0 .6  
1 .o 
1 . 5  
2 . 0  
3.0 
5.0 
6 . 0  
7 . 0  
8 . 0  
9 . 0  

10.0 
1 2 . 0  
15.0 
20.0 
2 5 . 0  
30.0 
3 5 . 0  
4 0 . 0  
4 3 . 6  
45 .O 
4 8 . 4  
5 0 . 0  
5 5 . 0  
5 9 . 0  
6 0 . 0  
6 2 . 0  
6 4 . 0  
6 6 . 0  
7 0 . 0  
7 5 . 0  
78 .0  
8 0 . 0  
8 4 . 0  
8 7 . 0  
90 .0  
9 3 . 0  
9 9 . 0  

106 .0  
112 .0  
118 .0  
124 .0  
134 .0  
1 4 5 . 0  
1 5 0 . 0  
1 5 6 . 0  
156 .5  

3600.0 
$ 
$ 

0.0 
16349.2 
17620.2 
18327.8 
18465.6 
18293.3 
18282.4 
18141.8 
17964.4 
171 9 0 . 2  
17003.3  
16060.7 
14970.3 
14533.0 
13689.3 
11281.7 
9411.10 
8951.10 
7414.40 
5597.30 
3980.70 
2624.50 
1808.00 
2296.10 
3859.10 
4327.20 
4388 .OO 
4201.20 
3568.80 
3632.30 
2805.00 
2339.60 
1996.70 
983.400 
1219.30 
1246.50 
743.000 
825.530 
840.050 
844.580 
879.060 
876.790 
808.300 
702.160 
699.440 
361.060 
146.060 
64.4100 
10.8860 
0.0 
0 .0  

9.0156E5 
8 .91  79E5 
8.9225E5 
8.9272E5 
8.9272E5 
8.9295E5 
8.931 8E5 
8.9388E5 
8.9807E5 
9.2714E5 
9.5343E5 
9.8529E5 
1.0188E6 
1.0516E6 
1.0814E6 
1.1290E6 
1.1737E6 
1.2221E6 
1.2560E6 
1 .2837E6 
1.3405E6 , 

3.4593E6 
1.4763E6 
1.3707E6 
1.0623E6 
9.9739E5 
9.7645E5 
9.6901ES 
1.0439E6 
1 .0123E6 
1.1265E6 
1.2023E6 
1.2288E6 
1 . 7 1  84E6 
1.4335E6 
1.4882E6 
1.9273E6 
1.7368E6 
1.6582E6 
1 .5896E6 
1.4775E6 
1.4233E6 
1.4570E6 
1.5145E6 
1.5545E6 
2.4214E6 
2.6633E6 
2.6865E6 
2.7028E6 
2.7028E6 
2.7028E6 
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! N I I R G E N  
$ 
! OXYGEN 
$ 
! HYDRGEN 
! U N P ,  -1 = OIVST. S(K1RcE T,  TEMP, SSROZ 
! 28 -1 1311. 0 

44 -1 477. 0 
1 TIME RATE 
+0.00000E+00, +0.00000E+00 
+1.60000E+02, +4.60000E-04 
+3.20000E+02, +9.20000E-04 
+4.80000E+02, +3.22000E-03 
+5.60000E+02, +1.10400E-02 
+6.40000E+02, +2.02400E-02 
+7.20000E+02, +3.31200E-02 
+8.00000E+02, +4.78400E-02 
+8.32000E+02, +5.15200E-02 
+8.80000E+02, +4.23200E-02 
+9.60000E+02, +3.49600E-02 
+1.12000E+03, +2.76000E-02 
+1.28000E+03, +2.24480E-02 
+1.44000E+03, +1.87680E-02 
+1.60000E+03, +1.6928OE-O2 
+1.76000E+03, +1.47200E-02 
+1.92000E+03, +1.32480E-02 
+2.08000E+03, +1.19600E-02 
+2.24000E+03, +1.08560E-02 
+2.40000E+03, +9.93600E-03 
+2.56000E+03, +9.01600E-03 
+2.72000E+03, +8.64800E-03 
+2.88000E+03, +8.28000E-03 
+3.04000E+03, +8.09600E-03 
+3.20000E+03, +7.91200E-03 
+3.36000E+03, +7.54400E-03 
+3.52000E+03, +7.36000E-03 
+3.68000E+03, +7.17600E-03 
+3.84000E+03, +6.99200E-03 
+4.00000E+03, +6.90000E-03 
+4.16000E+03, +6.80800E-03 
+4.32000E+03, +6.62400E-03 
+4.48000E+03, +6.44000E-03 
+4.64000E+03, +6.25600E-03 
+4.80000E+03, +5.98000E-03 
+4.96000E+03, +5.98000E-03 
+5.12000E+03, +5.88800E-03 
+5.28000E+03, +5.70400E-03 
+5.44000E+03, +5.61200E-03 
+5.60000E+03, +5.56600E-03 
+5.76000E+03, +5.56600E-03 
+5.92000E+03, +5.54300E-03 
+6.08000E+03, +5.52000E-03 
+6,24OOOE+O3, +5.42800E-03 
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+6.40000E+03, +5.33600E-03 
+6.56000E+03, +5.24400E-03 
+6.72000E+03, +5.15200E-03 
+6.88000E+03, +5.15200E-03 
+7.04000E+03, +5.06000E-03 
+7.20000E+03, +4.96800E-03 
+7.36000E+03, +4.78400E-03 
+7.52000E+03, +4.69200E-03 
+7.68000E+03, +4.60000E-03 
+7,84OOOE+O3, +4.50800E-03 
+8.00000E+03, +4.41600E-03 
+8.16000E+03, +4.04800E-03 
+8.32000E+03, +3.95600E-03 
+8.48000E+03, +3.86400E-03 
+8.64000E+03, +3.77200E-03 
+8.80000E+03, +3.68000E-03 
+8.96000E+03, +3.58800E-03 
+9.12000E+03, +3.49600E-03 
+9.28000E+03, +3.40400E-03 
+9.44000E+03, +3.31200E-03 
+9.60000E+03, +3.31200E-03 
+9.76000E+03, +3.22000E-03 
+9.92000E+03, +3.12800E-03 
+1.00800E+04, +2.94400E-03 
+1.02400E+04, +2.76000E-03 
+1.04000E+04, +2.66800E-03 
+1.05600E+04, +2.57600E-03 
+1.07200E+04, +2.39200E-03 
+1.08800E+04, +2.30000E-03 
+1.10400E+04, +2.20800E-03 
+1.12000E+04, +2.11600E-03 
+1.13600E+04, +2.02400E-03 
+1.15200E+04, +1.93200E-03 
+1.168OOE+O4, +1.84000E-03 
+1.18400E+04, +1.74800E-03 
+1.20000E+04, +1.65600E-03 
+1.21600E+04, +1.56400E-03 
+1.23200E+04, +1.472OOE-O3 
+1.24800E+04, +1.38000E-03 
+1.26400E+04, +1.28800E-03 
+1.28000E+04, +1.19600E-03 
+1.29600E+04, +1.10400E-03 

$ 
! IXWBIE HYDRO3EY RATE FOR SENSITIVITY. 
! Mmmm 
! <XW, -1  = (XINST. SOURCE T,  TEMP, SSRCC 
! 28 -1 1311. 0 
! 28 -1 477. 0 
I TIME RATE 
! +0.00000E+00, +0.00000E+00 
! +1.60000E+02, +9.20000E-04 
! +3.20000E+02, +1.84000E-03 
! +4.80000E+02, +6.44000E-03 
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I 

! 
! 

! 
! 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

! 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

! 
1 

1 

I 
I 

I 

I 

1 

! 
! 
! 
I 

I 

I 

1 

! 
I 

I 

I 

I 

I 

+5.60000E+02, +2.20800E-02 
+6.40000E+02, +4.04800E-02 
+7.20000E+02, +6.62400E-02 
+8.00000E+02, +9.56800E-02 
+8.32000E+02, +1.03040E-01 
+8.80000E+02, +8.46400E-02 
+9.60000E+02, +6.99200E-02 
+1.12000E+03, +5.52000E-02 
+1.28000E+03, +4.48960E-02 
+1.44000E+03, +3.75360E-02 
+1.60000E+03, +3.38560E-02 
+1.76000E+03, +2.94400E-02 
+1.92000E+03, +2.64960E-02 
+2.08000E+03, +2.39200E-02 
+2.24000E+03, +2.17120E-02 
+2.40000E+03, +1.98720E-02 
+2.56000E+03, +1.80320E-02 
+2.72000E+03, +1.72960E-02 
+2.88000E+03, +1.656OOE-O2 
+3.04000E+03, +1.61920E-02 
+3.20000E+03, +1.5824OE-O2 
+3.36000E+03, +1.50880E-02 
+3.52000E+03, +1.47200E-02 
+3.68000E+03, +1.43520E-02 
+3.84000E+03, +1.39840E-02 
+4.00000E+03, +1.38000E-02 
+4.16000E+03, +1.36160E-02 
+4.32000E+03, +1.32480E-02 
+4.48000E+03, +1.28800E-02 
+4.64000E+03, +1.25120E-02 
+4.80000E+03, +1.19600E-02 
+4.96000E+03, +1.19600E-02 
+5.12000E+03, +1.17760E-02 
+5.28000E+03, +1.14080E-O2 
+5.44000E+03, +1.12240E-02 
+5.60000E+03, +1.11320E-02 
+5.76000E+03, +1.11320E-02 
+5.92000E+03, +1.10860E-02 
+6.08000E+03, +1.10400E-02 
+6.24000E+03, +1.08560E-02 
+6.40000E+03, +1.06720E-02 
+6.56000E+03, +1.04880E-02 
+6.72000E+03, +1.03040E-02 
+6.88000E+03, +1.03040E-02 
+7.04000E+03, +1.01200E-02 
+7.20000E+03, +9.93600E-03 
+7.36000E+03, +9.56800E-03 
+7.52000E+03, +9.38400E-03 
+7.68000E+03, +9.20000E-03 
+7.84000E+03, +9.01600E-03 
+8.00000E+03, +8.83200E-03 
+8.16000E+03, +8.09600E-03 
+8.32000E+03, +7.91200E-03 
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! +8.48000E+03, +7.72800E-03 
! +8.64000E+03, +7.54400E-03 
! +8.80000E+03, +7.36000E-03 
! +8.96000E+03, +7.17600E-03 
! +9.12000E+03, +6.99200E-03 
! +9.28000E+03, +6.80800E-03 
! +9.44000E+03, +6.62400E-03 
! +9.60000E+03, +6.62400E-03 
! +9.76000E+03, +6.44000E-03 
! +9.92000E+03, +6.25600E-03 
! +1.00800E+04, +5.88800E-03 
! +1.02400E+04, +5.52000E-03 
! +1.04000E+04, +5.33600E-03 
! +l.O5600E+04, +5.15200E-03 
! +1.07200E+04, +4.78400E-03 
! +1.08800E+04, +4.60000E-03 
! +1.10400E+04, +4.41600E-03 
! +1.12000E+04, +4.23200E-03 
! +1.13600E+04, +4.04800E-03 
! +1.15200E+04, +3.86400E-03 
! +1.16800E+04, +3.68000E-03 
! +1.18400E+04, +3.49600E-03 
! +1.20000E+04, +3.31200E-03 
! +1.21600E+04, +3.12800E-03 
! +1.23200E+04, +2.94400E-03 
! +1.24800E+04, +2.76000E-03 
! +1.26400E+04, +2.57600E-03 
! +1.28000E+04, +2.39200E-03 
! +1.29600E+04, +2.20800E-03 
! $  
$ 
$ Nowm REMNAL FRm s w s  
$ No QMpARlMENT ENERGY SCWRCES 
$ NO 03NTINLKXIS BURNING W A R W E N ’ S  

! TRIP LOGIC FOR JUNCTIONS 
I 

I 

! FALSE TRIP SET TO FALSE AT -10 SEC. 
! TRlP n’PE LOCI( I N  N U 4  TESTS 

! TIME TEST 
! TRIP TEST TIME 

0 -10. 
s 
! PRESSURE OIECX 2 I N  W I N  RX BLCG C1 & C2 ”OR” LOGIC. 
! TRIP 7’7’7’7’7’7’7’7’7’7”P NXX I N  Nchil TESTS 

! PRESSURETEST 
! CXMP PRESS 

3 -4 1 1 

4 1 2 1 

1 101821. 
2 101 821. 

$ 
! PRESSURE cHE(x 2 I N W  I N  PG ”OR” LOGIC. 
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!TRIP TYPE LMX I N  

I 

I 

$ 
I 

I 

I 

I 

$ 
I 

1 

I 

I 

$ 
I 

I 

I 

$ 
1 

1 

1 

1 

$ 
I 

I 

1 

1 

$ 
I 

I 

I 

1 

5 1 2 
PRESSURE TEST 
CmP PRESS 

1 0  101821.  
12  101 821 .  

PRESSURE ma 2 
TRIP TYPE Lo(x 

11 1 2 
PRESSURE TEST 
an4P PRESS 

50 101821 .  
61 101821.  
62 101821.  
63  101821.  
64 101821.  
65 101821.  

PRESSURE ma 2 
TRIP TYPE LOCK 
27 5 2 
TRIP TEST 

TRIP m 
5 0 .  

11 0 .  

TRIP TYPE LOCK 
6 5 1 

TRIP TEST 
TRIP m 
4 0 .  

27 0 .  

IN 
IN 

I N  
IN 

IN 

TIMER (STARTS TIMER 
TRIP TYPE LOCK I N  

TIME TEST 
19 6 1 

TRIP TIME 
6 150. 

TIMER (STARTS TIMER 
TRIP TYPE LIXX 

7 6 1 
TIME TEST 

TRIP TIME 
19 5 5 .  

PRESSURE To OPEN 
TRIP TYPE Lo(x 

8 - 1  2 
PRESSURE TEST 
QMP PRESS 

IN 

NIM TESTS 
1 

W IN SG CELLS "OR" LLKiIC. 
NIM TESTS 

1 

W I N  FG & SG CELLS "AND" UXIC 
NCM TESTS 

2 

MM TESTS 
1 

AFER TRIP 6 )  
MM TESTS 

1 

AFTER TRIP 1 9 )  
MM TESTS 

1 

FILTER VENT AND CLOSE SPECIAL STEAM VENT IF < 3 I N  W 
IN MM TESTS 

2 
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1 102071. 
2 102071. 

$ 
! TIME3 + PRESSURE cHE(X. 
!TRIP TYPE Lo(x IN NIMTESTS 

! TRIP TEST 
! TRIP In4w 

1 5 2 2 

7 0 .  
8 0 .  

$ 
! PRESSURE To OPEN SPECIAL STEAMVENT. 
! TRIP TYPE UXX I N  NU4 TESTS 

! PRESSURETEST 
! CXMp PRESS 

$ 
! PRESSURE To OPEN I Z K U A R  STEAM VENT IN RX BLDG C1. 
! TRIP TYPE Lo(x I N  NU4 TESTS 

! PRESSURETEST 
! aMP PRESS 

$ 
! PWSSURE To OPEN FUGUIAR S’IEAMVENT I N  PG C3. 
! TRIP TYPE LMx I N  NIMTESTS 

! PRESSURE TEST 
! PRESS 

$ 
! PRESSURE To OPEN REGUIAR STEX44 VENT I N  PG C10. 
! TRIP TYPE UXX I N  NU4 TESTS 

! PRESSURETEST 
! aMP PRESS 

$ 
! PRESSURE To OPEN REGULAR S T E A l L l W  I N  PG C12. 
! TRIP TYPE LocE( I N  NLM TESTS 

! PRESSURETEST 
! Qxlp PRESS 

$ 
! LMX I N  TEST 1 AND CLOSE SPECIAL STEAM VENT. 
! TRIP TYPE UXx I N  NCMTESTS 

! TRIP TEST 
! TRIP M 

$ 

12 1 1 1 

1 109941. 

16 1 1 1 

1 115111. 

17 1 1 1 

19 115111. 

1 8  1 1 1 

10 115111. 

20  1 1 1 

1 2  115111. 

r.- 

13 5 1 1 

1 0 .  
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I 

I 

I 

1 

$ 
1 

1 

I 

I 

9 
I 

1 

I 

I 

$ 
1 

1 

! 
I 

$ 
! 
! 

! 
! 

$ 

! 
1 

I 

1 

$ 
1 

1 

1 

$ 

SET To OPPOSITE OF TEST 1 .  
TRIP TYPE LMX IN NWTESTS 

TRIP TEST 
14 - 5  2 1 

TRIP m 
13 0. 

OPEN SPECIAL STEAM VENT (ONLY IF I%X ALREADY OPENED AND CLOSED) . 
TRIP TYPE LMX IN NLMTESTS 

TRIP TEST 
15 5 2 2 

TRIP Ixrvh.n 
14 0. 
12 0 .  

L 

L€XX I N  TEST 19 AND CLOSE RJXWLAR STEAM VENTS. 
TRIP TYPE LOCK I N  NLMTESTS 

TRIP TEST 
21 5 1 1 

TRIP Ixrvh.n 
19 0. 

SET To OPPOSITE OF TEST 1 9 .  
TRIP TYPE LMX I N  NLMTESTS 

22 - 5  2 1 
TRIP TEST 

TRIP mh4vlY 
21 0 .  

OPJ3 REGULAR STEAM W (ONLY IF NlJT ALREADY OPENED AND CLOSED) I N  RX 
TRIP TYPE LMX IN hT.MTESTS 

TRIP TEST 
23 5 2 2 

TRIP m 
22 0. 
16 0 .  

OPEN RJXUAR STEAM W (ONLY IF Ncrr AJXEADY OPENED AND CLOSED) IN FG 
TRIP TYPE LMX IN W T E S T S  

TRIP TEST 
24 5 2 2 

TRIP Ixrvh.n 
22 0 .  
17 0 .  

OPEN REGULAR STEAM VENT (ONLY I F  NOT ALREADY OPENED AND ClDSED) IN PG 
TRIP TYPE LMX I N  W T E S T S  

TRIP ?‘EST 
25 5 2 2 

TRIP m 
22 0 .  
1 8  0 .  
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I 

! 

! 
I 

$ 
! 
! 

I 

! 

$ 
I 

I 

! 

$ 
I 

f 

I 

I 

$ 
$ 
I 

I 

! 
1 
I 

$ 

2 
! 

I 

$ 

3 
! 

I 

$ 
! 
4 

OPEN RElfiRAR STEAM VENT (ONLY IF  Ncrr ALREADY OPENED AND nOSED> I N  PG 
TRIP TYPE Locx 

26 5 2 
TRIP TEST 

TRIP IxMvfY 
22 0. 
2 0 0 .  

RECLOSE PRESSURE 
TRIP TYPE Locx 

2 1 2 
PRESSURE TEST 

a M P  PRESS 
1 105055. 
2 105055. 

I N  NCM TESTS 
2 

WCX FOR FILTER VENT AT 15 I N W .  
I N  NUM TESTS 

1 

TRUE TRIP SET TRUE AT -10 SEC. 
TRIP TYPE LOCK IN NUMTESTS 

9 4 1 1 
TRIP TEST TIME 

0 -10. 

BLOrlOUT OF RX BLlXi To FG m T .  
TRIP TYPE LI3cK I N  NiMTESTS 
10 - 2  1 1 
PRESSURE 'EST JUNCTION 1 7 .  
TRIP TEST PRESS 

17 -15513. 

TABLES FOR JUNCTIONS 

 PEN 'rmm FOR FILTER VENT 

TIME '-?'OPEN 
0 .  0 .  

10. 1 .  

CLOSE TABLE FOR FILTER v m r  
TIME '-?'dlPEX 

0 .  1.  
10. 0 .  

OPEh'ING TABLE FOR RX BLCG To PG vE\rT 

DlFF PRESS '-?'XlPEX 
0 .  0 .  

3 7 3 .  0 .  
6 2 2 .  1. 

OPEN TABLE FOR SPECIAL AND REGULAR STEAM VENTS. 
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! TIME OdlPEN 

$ 
! CLOSE TABLE FOR SPECIAL STEAM VENT. 
5 
! TIME Y'PEN 

0. 1 .o 
15. 0 .  

0. 1.  

$ 
! CLOSE TABLE FOR REGULAR STEAMVENT. 
6 
! TIME YOPEN 

0. 1 .o 
25. 0 .  

$ 
$ 
! I N I T I A L W  TEMPERATURES 
! 
2*339. 
1 *477. 
3*339. 
1 *505. 
1 *339. 
29*322. 
106*322. 

! NAMELIST TYPE INPW 

! m W  03NrROL VARIABLES 
DELTFL = .01 
DELVR = .1 
! HM=RoGEN IGNITION LIMITS 
,xHuNIG=1. 0 
! TIMESTEP CDNROL VARIABLES 
DIHIMx=3. 
IxFLhN=3. 
!ESF 03WROLS 
SPRAYS=AUTO 
! USED TO AvERbsrE HEAT FLUX OVER MXE TlME STEPS FOR Si44LL W L W S  
w s = o .  2 
$ 

I 

I 
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APPENDIX F 

INPUT DECK FOR COMBUSTION 

RESPONSE CALCULATIONS 

(5-VOLUME MODEL) 

F- 1 
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! INITIAL NAMELIST TYPE INPUT 
m = 9  
C M P m  = CRAY 
$ END OF NAMELIST INPUT 

! PROBLEM GEXMTI'RY AND (XINTAI NENl-  DESCR I PTION 

N F E A o R $  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

THIS IS A 5 W L M  DECX USED FOR SOOPING cAu3uLATIONS OF 
OlMBUSTION RESPONSE AT N REACTOR 

ALL S I  UNITS 

5 ! .?Ull3EROFU3I4PAR7MENTS 
! 
! FOR EACH U3I4PARWEW: AN ID, THE VOLIlME (M**3), ELEVATION (MI ,  FLAME 
! PROPAGATION LENGTH ( M ) ,  W E R  OF SURFACES, AND INTMiERS 
! SPECIFYING WICH S W  To IXMP EXCESS WTER (FRCM SUPERSARJRATION) 
! I N K )  A N D W I ( H  S W  THE SPRAYS FALL INID. 

c1 -FRomLD 
11243. 9.9 19.8 4 1 1 
c2 -lu3RRxBLD 
11543. 5.7 19.8 4 2 2 
C3-PIPE-GALL 
21507. 3.04 57.9 3 3 3 

45067. 3.32 15.24 3 3 3 

3881. 8.35 141.3 2 0 0 

1 

C4 - 6 SG -AUXXLLS 

C5 - F1 LTERBLD 

1 

I 

! 
! 
1 

I 

1 

1 
I 

I 

I 

1 

I 

2 

! 

3 

I 

1 

FOR EA(3H S W  : S W  W E R ,  M4XIM-M W L M  (M**3), S W  NlMBER ?ENT 
THIS S W  OVEWTUAS To 

S W  1 IS  UMIERNIATH TIE ELEVATE3 IN FRONT RX B D .  IT FILLS 
WIER FWAS O h m  ?HE FXOR AND I N K )  DRAINS. IT IS REMJVED FRCM THE 
RX B I E .  
16.9 0 
s w  2 IS  'IHE l3mmANA MALL. IT HAS A VERY LARGE VOLUME SINCE IT 
COhXECTS To 'WE FUEL POOL; HXEVEX, WE NE%LEcT THAT HERE AM) CAJDJLATE 
11E W1,W IN THE CAVITY ONLY. SINCE WEN IT OERFLGS, 'IHE WTER GOES 
TD 1HE ERAINS AND IS REMnED FRCM THE RX B E ,  1HE EFFECT IS THE SAME 
As IF  W INQlEASED ?HE W L W  BUT DID NOT ADD IT To 'WE R ( x M  W L W .  
413. 0 
7HERE ARE 6 S W S  \XMI(HW TREAT AS ONE. ?HIS W L W  I S  IARGER THAN 
lIE REAL WLM=l497 SINCE W W THE CDIE TO OllNTINUE To SbBTRACT 
?HE W L W  OF WTER FRCM THE PG AND SG W L M S .  
3000. 0 
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$ 
! 
! FOR EACH S W A G :  TYPE OF SURFACE, M9sS OF SURFACE (E), AREA OF 
! SURFACE (M**2), CHARACTERISTIC LEN(fTH (MI, SPECIFIC HEAT ( J /KG/K) ,  
! EMISSIVITY, INIEGEX INDICATINGWICH S W  'THE CDNDENSATE GOES INID. 
! FOR SlABS (STYPE = 11, ?HE NlMBER OF LAYERS I N  THE SURFACE, AND FOR 
! EACH, 'THE THI(XNESS (M), 7HERM4L DIFFUSIVITY (M**2/S), AND THEFUvW 
! O m T I V I T Y  ( W W K ) .  FINALLY, 'THE W I N G  INFORM4TION AND EXIUNMRY 
! ONDITIONS ARE SPECIFIED (0's INDIC4TE HECTRWILL IEERMINE 
! 'ME VALUES INERNALLY). WE THAT SQLlE OF THE NIMBERS SET To 1. 
! ARE USED FOR THAT SURFACE TYPE. 

! C1 SURFACES 

s w 1  
3 15000. 2 4 . 5 5  4 . 1 6  1.  .94 1 
OK1 
1 1.  4143.3  2 4 . 3  1. . 9  1 
1 
. 3  1 .6E-6  2 . 3 9  
0 0. 0 .  0 .  
O K I H  
1 1.  1 3 9 . 8  9 . 1  1.  . 9  1 
1 
. 3  1 .6E-6 2 . 3 9  
0 0 .  -1. 477.  
STEEL 1 
2 333336. 1597. 1 .  531 .7  . 7  1 

! c2 SURFACES 
! 
s w 2  
3 400800. 4 2 . 6  5.03 1 .  .94 2 
cuNC2 
1 1. 4438.6 2 4 . 3  1.  . 9  2 
1 
. 3  1 .6E-6  2 . 3 9  
0 0 .  0 .  0 .  
CDNC2H 
1 1 .  1 3 9 . 8  9 . 1  1 .  .9 2 
1 
. 3  7.6E-6 2 . 3 9  
0 0 .  - 1 .  505. 
SITEL2 
2 357665.6 1454. 1.  531 .7  . 7  2 
! 
! C3 S W A G S  

s w 3  
3 45090. 2 8 4 . 3  1 . 8 3  1 .  .94 3 
c u K 3  
1 1 .  7562. 1 5 . 8 3  1. . 9  3 
1 

I 

I 

1 

I 
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.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL3 
2 576146.2 2340. 1. 531.7 .7 3 

! c4 SURFACES 

s w 4  
3 45090. 284.3 1.83 1. .94 3 
03NC4 
1 1. 14810.7 15.4 1. .9 3 
1 
.3 1.6E-6 2.39 
0 0. 0. 0. 
STEEL4 
2 1282600. 5364.1 1. 531.7 .7 3 

! C5 SURFACES 
! 
cxINc5 
1 1. 1742.7 68. 1. .94 0 
1 
.3 1.6E-6 2.39 
0 0. 0. 0 .  
STEEL5 

I 

I 

I 

2 
I 

I 

! 
I 

1 

! 
1 

I 

1 

! 

! 
I 

I 

1 

! 

I 

1 

1 

! 

I 

I 

243071.5 4907.3 1. 531.7 .7 0 

W E R  OF LEAKS, hIMf3ER OF PRESSURE AND TEMPERAWRE-DEPENDENT 
LEAKAGE (x1RvES 

NOL NOP NUT 
11 1 0 
LEAK W A R ' I M E P 4 T ,  TEMpERA?uRE-DEPEWDJ3T LEAKAGE CURVE, PRESSURE- 
DEPENDENT LEAKAGE aJRVE, O M A I m  FAILURE FLAG, OONTAIIWEW 
FAILURE CRITERION, 0 3 ~ A I P M E W  FAILURE ARE4 (M**2), LEAK ELEVATION 
(MI,  LFAK LOSS (XIEFFICIW, L/A FOR LEAK ( l /M)  

OCMP TCURVE PUJRVE NCF CKlT ARE4 Z J I  FLI LA 
FIL'IERED RELEASE TO OWSIDE. 

LEAKS FRCM SG CELLS. 
5 0 0 1 0. 14.3 61.6 1.0 .01 

4 0 0 1 0. .187 -4.9 17.14 .01 
4 0 0 1 0. .005 10.7 1.0 .01 

1 0 -1 0 -1723. 1.3 17.8 1.6 .01 
V A W  BREAKER FOR U BLIXi. 

VENT OPENS AT -1723 DIFF PRESS FULL OPEN AT -3446 
RMiuLAR STEAMVENT 1 N R X B L a S .  

VE7iT W S E S  AFTER 2 I N W  PRESSURE +150 SEC. 
OPEN CLOSE OPEN TYPE W S E  TYPE 

1 0 0 5 115111. 2.63 17.8 1.74 .01 
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rl- 

I TRIP TRIP TABLE TABLE TABLE TABLE 

!LEAK FRm PG To OUTSIDE. 

! REGULAR STEAMVENTS I N  FG (13). 

! WIW CLOSES AFTER 2 I N W  PRESSURE +150 SEC. 

24 16 4 1 6 1 

3 0 0 1 0 .  .003 -4.9 1.0 .01 

3 0 0 5 115111. 34.18 10.9 3.01 .01 

1 OPEN CLOSE 
1 TRIP TRIP 

! VAOAMBREAKER 

! WNT OPENS AT 
!LEAKFRcMREAR 

23 16 

3 0 

2 0 

OPEN TYPE CLOSE TYPE 
TABLE TABLE TABLE TABLE 
4 1 6 7 

IN PG. 
-1  0 -1723. 1.3 10.9 1 

1723 DIFF PRESS FULL OPEN AT -3446 
RX B E .  

0 1 0 .  .003 12.2 1.0 

6 . O l  

.01 
! LEAK FRcM FRONT RX B E .  

! SPECIAL STEAMVENT IN RX B E .  

! VENT CIDSES A F E R  2 I N W  +205 SEC + <3 I N W .  
! OPEN CLOSE OPEN TYPE CLOSE TYPE 
! TRIP TRIP TABLE TABLE TABLE TABLE 

! 
1 1 
0 .  10. 100. 1000. 1723. 2153.75 2584.5 3015.25 3446. 3876.75 
l.E-8 l.E-8 l.E-8 l.E-8 l . E - 8  .325 .65 .975 1.3 1.3 
0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .  

! FUW JUNCTION MTA: a M P A R m  ID’S, TYPE OF UXNECXION, W 
! AREA (M**2), IBSS CXlEFFICIEDT, L/A RATIO ( lhl) ,  RELATIVE POSITION OF 
! WAR?MENTS,  AND JUNCTION ELEVATION (MI . 
! ADDITIONAL INFORM4TION I S  PROVIDED FOR JUNCTION TYPE 7. 

! FRCMFRONTTOREARRXBLCG. 
1 2 1 24.2 1.395 .01 0 17.53 
! To FILTER BLCG FRCM RY BLCG (FILTER WNT). 
1 5 7 7.04 66.26 .01 0 19.74 
! OPENTRIP CIDSETRIP BLDW TRIP ABLDW 

1 2 3 0 . 
! OPEN TABLE TYPE TABLE CLOSE TABLE TJTE TABLE 

1 1 2 1 
! m s  r n f  FG 70 s w m  CELLS. 
3 4  1 333.6 1.0 .01 0 8.32 
! AUX CELL E X B .  
3 4 1 3.25 2.0 .01 0 2.98 
! OPEN CROSS VENT REAR RX B E  To PG. 
3 2 1 2.37 2.0 . O 1  1 15.24 
! VARIABLE CROSS VENT REAR RX BLCG To PG. 
3 2 7 16.58 2.0 .01 1 15.24 
! OPEN TRIP CWSE TRIP BLDW TRIP ABIDW 

9 3 10 12.88 
! OPEN TABLE TYPE TABLE CLOSE TABLE TYPE TABLE 

1 0 0 1 0 .  .003 12.2 1.0 .01 

1 0 0 5 109941. 2.63 17.8 1.74 .01 

15 1 4 1 5 1 

I 

I 
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3 2 3 2 
! CROSS VENT BI?IUEEN REAR RX BLDG (2) AND PG (3) 
! 16.58 IS THE FULL OPEN AREA FRCM 3 To 2 AND 12.88 
! IS  THE FULL OPEN AREA FRUU 2 To 3. 15513 I S  THE DP (PA) 
! TO SHEAR THE PIN AND OPEN THE DOOR FRCM 2 To 3. 

! S W B E 3 W E N F G A N D S G C E L L S  
! Do NOT USE I N  BASE CASE 
! 
! I F  18.54 M**3 ALDED'IHEN S W  P W S  START . 11  M**3/S PER SG CELL. 

! MTNVOL M X W L  S W  BLCMOW 

$ END OF JUNCTIONS 
$ No ICE ODNDENSER 
$ No SUPPRESSION POOL 
$ NO FANS 
$ No FAN mLER 

I 

ELEV= - 6 .4M;AREA=2 4 3 .24 - .17 2 8 *VOL (AI=DED) 

3 4 6 243.24 2.0 .Ol 0 -6.4 

90 1497.8 3 0 

! 
! BEAM LENGTH A !  VIEW FACTOR MTRICES 
1 

! BEAMLENGTHS 
I 

6.854734 
1 2 * 0.0 
6.854734 
12*0.0 
6.854734 
12*0.0 
6.854734 
12*0.0 
6.840296 
8*0.0 
6.840296 
8*0.0 
6.840296 
8*0.0 
6.840296 
8*0.0 
7.600914 
5*0.0 
7.60091 4 
5*0.0 
7.600914 
5 * 0 . 0  
7.930027 
2"O.O 
7.930027 
2*0.0 
7.930027 
2*0.0 
2.100992 
2.100992 

6.854734 6.854734 

6.854734 6.854734 

6.854734 

6.840296 

6.840296 

6.840296 

7.600914 

7.600914 

7.930027 

7.930027 

2.100992 

6.840296 

6.840296 

7.600914 

7.930027 

6.854734 

6.840296 
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! 
! VIWFAcroRS 

0.0000000E+00 
12*0.0 
0.7016890 
12*0.0 
2.3675842E-02 
12*0.0 
0.2704601 
12*0.0 
0.0000000E+00 

8*0.0 
0.7305974 

8*0.0  

8*0.0 

8*0.0 

5*0.0 

5*0 . O  

5*0.0 

I 

2.3011200E-02 

0.2393296 

0.0000000E+00 

0.7417577 

0.2295310 

0.0000000E+00 
2*0.0 

2*0.0 

2*0.0 

0.7237737 

0.2621344 

0.2620601 
0.7379399 

! 
! NLMBEROF 
2 
! FOR TRAIN 
! 
! NLMBEROF 
2 

0.7046309 2.3775108E-02 0.2715940 

2.3675844E-02 0.2704601 

0.2704601 

0.7357934 2.3174856E-02 0.2410318 

2.3011198E-02 0.2393296 

0.2393296 

0.7636841 0.2363159 

0.2295309 

0.7341 188 0.26588 12 

0.2621344 

0.7379398 

SPRAY TRAINS 

1 ( I N  RX BLCG C1 AND C2). 

SOURCE (Ix1pARmxr-s 

! SOURCE C T X I P A R ~ T ,  INJECTION 11-MPERATURE (K), FLUV RATE (M**3/S), 
! W E R  OF CROP SIZES; I.QR FA(+I DROP SIZE: FREcuENcy AW DIA- 
! (MlcR03s> 
1 293.15 .26 2 
.49 1400. 
.51 1100. 
2 293.15 .28 2 - .65 1400. 
.35 1100. 
! FOR SPR4Y C4RRYOVER, THE SOURCE AM) RECEIVING QxII'ARnLIENTS AND ?HE 
! FRACTION CARRIED ow2 
$ 

I 
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t 

1 
2 
$ 
t 

I 

! 
! 
2 
! 
I 

t 

I 

I 

I 

1 

1 

1 

I 

I 

1 
1 
1 
1 

1 
1 
2 
1 

! 
! 

1 

I 

SPRAY C I h 4 P A R m  AND SPRAY FALL H E I W  (MI 
12.65 
24.1 

SPRAY ACTUATION CRITERIA FOR THIS TRAIN 

W E R  OF TOP-LEVEL CRITERIA IN "OR" CONFIGURATION 

FOR EPLCH TOP CRITERIA, NLMI3ER OF 2ND-LEVEL CRITERIA I& "AND" 
03NFIGURATION, AND FOR EACH 2ND-LEvEL CRITEXION, 
M E R  OF ah4PARWEliTS TO TEST AND, FOR IMX 
WARWEliT To TEST, THE on?pARWEliT ID AND THE PRESSURE (PA) 
AND TEMPERATURE (K) SETFOINTS. FINALLY, ?HE NCMBER OF 
W A R W E l i T S  ?HAT MJST MEET THE SElpoINTS FOR THE CRITERIA 
TO BE MET 

TEST W A R T M E f W  1 AND 2 ANDACNATE IF EITHER IS TRUE "OR". 

TEST OCMpARTMEfW 1 FOR 10 I N W .  

103813.3 0. 

TEST WARWEliT 2 FOR 10 I N W .  

103813.3 0. 

DELAY TIME FOR SPRAYS TO START AFTER ACIUATION AND TIME FDR 
SPRAYS TO RUN AFTER STARTING 

4 4 .  1.0E10 

FDR TRAIN 2 (IN FG 1. 

W E R  OF SOURCE OCMpARTMENTS 

SOURCE WAR'IMENI', INJECTION TEMPERATURE ( K ) ,  F U N  RATE (M**3/S), 
IWvIBFX OF DROP SIZES; FOR FA04 DROP SIZE: FREQuENcr' AND DI- 
(MICRONS 
293.15 .076 1 

1.0 1690. 
! m SPRAY CARRYOVER, THE SOURCE AND RECEIVING W A R m E h T S  AND m 
! FRACTION CARRIED OVER 

$ 
! SPRAY WARWEliT AND SPRAY FALL HEIGKT (MI 
3 15.8 
$ 

! SPRAY ACIUATION CRITERIA FOR THIS TRAIN 

I 

I 

1 

F-8 



UNI-4 4 3 1 

c 

1 

1 
I 

I 

I 

I 

1 

1 

1 

! 

1 
2 
3 
4 
2 

I 

1 

I 

1 

IWvlBm OF CRITERIA IN "OR" OONFIGURATION 

FOR E4a-I Top CRITERIA, IWvlBER OF 2ND-LEVEL CRITERIA IN "AND" 
CONFIGURATION, AND FOR E4a-I 2ND-LEVEL CRITERION, 
NcMBER OF acMpAR?MENTS To TEST AND, FOR JZ4a-I 
WARTh4ENT To TEST, lHE OXPAR= ID AND THE PRESSURE (PA) 
AND TEMPERATURE (K) SJTFQINTS. FINALLY, lHE IWvlBER OF 
aA4PARTMENR ?HAT MJST MEET THE SJTFQINTS FOR THE CRITERIA 
To BE MET 

103813.3 0. 
103813.3 0. 

DEIAY TIME FOR SPRAYS To START AFTER ACIUATION AND TIME FOR 
SPRAYS To RUN AFTER STARTING 

44. 1.OElO 
! SPRAY HEAT EX(3HANGER INKEMITION 
$ NO SPRAY RECIRC 
$ NO S W  HEAT EXCHANGERS 

60. 10. ! SIMJIATION TIME ANDCPU TIME REM41NING. 
1 

I 

! INITIAL CONDITIONS 

I T B U ,  PP(1-41, UX 
!TEMP STEAM N2 02 H2 

I 

339. 20500. 63850. 16975. 0. 
339. 20500. 63850. 16975. 0. 
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0. 
322. 9350. 72660. 19315. 0. 

! INITIAL CONDITIONS FOR LEAKS 
! TA?hl, PPAW(1-4) 
300. 9400. 72621. 19304. 0. 

! SOURCEJXTA 

! STEAMANDWTER 

1 

1 

CDIW GAS VEL 
.3 
.3 
.3 
.3 
.3 

! OlMP, 
3 

! TIME 
0 . 0 
0.1 
0.2 
0.4 
0.6 
1 .o  
1 . 5  
2.0 

- 1  = CONST. SOURCE T, TEMP, S S R C  
3 477. 0 

RATE ENIHAPY 
0.0  9.0156E5 

16349.2 8.9379E5 
17620.2 8.9225E5 
18327.8 8.9272E5 
18465.6 8.9272E5 
18293.3 8.9295E5 
18282.4 8.9318E5 
18141.8 8.9388E5 
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3.0 17964.4 8.9807E5 
5.0 17190.2 9.2714E5 
6 . 0  17003.3 9.5343E5 
7 . 0  16060.7 9.8529E5 
8 . 0  14970.3 1.0188E6 
9 . 0  14533.0 1.0516E6 

10 .0  13689.3 1.0814E6 
1 2 . 0  11281.7 1.1290E6 
15.0 9411.10 1.1737E6 
20.0 8951.10 1.2221E6 
25.0 7414.40 1.2560E6 
30.0 5597.30 1.2837E6 
35 .0  3980.70 1.3405E6 
4 0 . 0  2624.50 1.4593E6 
43 .6  1808.00 1.4763E6 
45.0 2296.10 1.3707E6 
48.4 3859.10 1.0623E6 
50.0 4327.20 9.9739E5 
55.0 4388.00 9.7645E5 
59 .0  4201.20 9.6901E5 
60.0 3568.80 1.0439E6 
62.0 3632.30 1.0123E6 
6 4 . 0  2805.00 1.1265E6 
6 6 . 0  2339.60 1.2023E6 
70 .0  1996.70 1.2288E6 
75.0 983.400 1.7184E6 
78 .0  1219.30 1.4335E6 
80.0 1246.50 1.4882E6 
84 .0  743.000 1.9273E6 
87 .0  825.530 1.7368E6 
90.0 840.050 1.6582E6 
9 3 . 0  844.580 1.5896E6 
9 9 . 0  879.060 1.4775E6 

106.0 876.790 1.4233E6 
112.0 808.300 1.4570E6 
118.0 702.160 1.5145E6 
124.0 699.440 1.5545E6 
134.0  361.060 2.4214E6 
145.0  146.060 2.6633E6 
150.0 64.4100 2.6865E6 
156.0 10.8860 2.7028E6 
156.5 0.0 2.7028E6 

3600.0 0 .0  2.7028E6 
$ 
$ 
! NITROGEN 
$ 
! OAYGEN 
$ 
! HYDROGEN 
! W, - 1  = CDNST. SWRCE T,  TEMP, S S R E  
! 3  -1 1311. 0 

3 -1 477. 0 
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I T Ih4E RAE 
+O .00000E+00, +O .00000E+00 
+1.60000E+02, +4.60000E-04 
+3.20000E+02, +9.20000E-04 
+4.80000E+02, +3.22000E-03 
+5.60000E+02, +1.10400E-02 
+6.40000E+02, +2.02400E-02 
+7.20000E+02, +3.31200E-02 
+S.O0000E+02, +4.78400E-02 
+ S .  32000E+O2, +5.15200E-02 
+8.80000E+02, +4.23200E-02 
+9.60000E+02, +3.49600E-02 
+1.12000E+03, +2.76000E-02 
+1 .28000E+O3, +2.24480E-02 
+1.44000E+03, +1.87680E-02 
+1.60000E+03, +1.69280E-02 
+1.76000E+03, +1.47200E-02 
+1.92000E+03, +1.32480E-02 
+2.08000E+03, +1 .19600E-02 
+2.240OOE+O3, +l  .08560E-02 
+2.40000E+03, +9.93600E-03 
+2.56000E+03, +9.01600E-03 
+2.72000E+O3, +8.64800E-03 
+2.88000E+03, +8.28000E-03 
+3.0400OE+03, +S .09600E-03 
+3.200001~+03, +7.91 ~ O O E - O ~  
+3.36000E+03, +7.54400E-03 
+3.520OOE+03, +7.3GOOOE-03 
+3.68000E+03, +7.17600E-03 
+3.84000E+03, +6.99200E-03 
+4.00000E+03, +6 .90000E-03 
+4.16000F:+03, +6.80800E-03 
+ 3 .  32000E+03, +6.62400E-03 
+3.48OOOE+03, +6.44000E-03 
+1.64000L+03, +6.25600E-03 
+l. 80000E+O3, +5.98000E-03 
+1 . 96000E+03, +5 .9S000E-03 
+ s .  12000c+03, +5. SSSOOE-03 

+s .430001:+03, +5 .61 2OOE-03 
+s .28000r:+03, +5 .70400c-03 

t S  .60000[:+03,  +S .566OOE-O3 
t S  . 760003~+03, + S  . S66OOE-03 
+S.92OOOE+O3, +5 ,533001~-03 
t h  . OSOOOl~+O3, + S  .5200011-03 
T h  . 24000l;+03, 1 s .  42s001:-03 
A h .  1i~oool:+o3, 1 s  . 33hool:-0.3 
t 0 .  56000l,+03, t s . 211001:-03 
+h.?20001.+03, +s .  1s200L:-03 
t h .  8soool + 0 3 ,  ts. 1s2001’-03 
+ ?  . 030001,+03, + S  . 060001:- 0 3  
* 7 .  200001.+03,  +-I . 968001:-03 
t 7 .  .300001~+03, +-I. 7s-l00I~.-03 
+ 7 .  520001,+03. +4. 692001;-03 
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+7.68000E+03, +4.60000E-03 
+7.84000E+03, +4.50800E-03 
+8.00000E+03, +4.41600E-03 
+8.16000E+03, +4.04800E-03 
+8.32000E+03, +3.95600E-03 
+8.48000E+03, +3.86400E-03 
+8.64000E+03, +3.77200E-03 
+8.80000E+03, +3.68000E-03 
+8.96000E+03, +3.58800E-03 
+9.12000E+03, +3.49600E-03 
+9.28000E+03, +3.40400E-03 
+9.44000E+03, +3.31200E-03 
+9.60000E+03, +3.31200E-03 
+9.76000E+03, +3.22000E-03 
+9.92000E+03, +3.12800E-03 
+1.00800E+04, +2.94400E-03 
+1.0240OE+O4, +2.76000E-03 
+1.04000E+04, +2.66800E-03 
+1.05600E+04, +2.57600E-03 
+1.07200E+04, +2.39200E-03 
+1.08800E+04, +2.30000E-03 
+1.10400E+04, +2.20800E-03 
+1.12000E+04, +2.11600E-03 
+1.13600E+04, +2.02400E-03 
+1.15200E+04, +1.93200E-03 
+1.16800E+04, +1.84000E-03 
+1.18400E+04, +1.74800E-03 
+1.20000E+04, +1.65600E-03 
+1.21600E+04, +1.564OOE-O3 
+1.23200E+04, +1.47200E-03 
+1.24800E+04, +1.38000E-03 
+1.26400E+04, +1.28800E-03 
+1.28000E+04, +1.19600E-03 
+1.296OOE+O4, +1.10400E-03 

$ 
! MWBLE HyDRo(iEN RATE FOR SENSITIVITJ. 
! mmmm 
! (IMP, - 1  = 03NST. SWRCE T ,  TE", S S R E  
! 3  - 1  1311. 0 
I 3 - 1  477. 0 
! T IhE RATE 
! +0.00000E+00, +0.00000E+00 
! +1.60000E+02, +9.20000E-04 
! +3.20000E+02, +1.84000E-03 
! +4.80000E+02, +6.44000E-03 
! +5.60000E+02, +2.20800E-02 
! +6.40000E+02, +4.04800E-02 
! +7.20000E+02, +6.62400E-02 
! +8.00000E+02, +9.56800E-02 
! +8.32000E+02, +1.03040E-01 
! +8.80000E+02, +8.46400E-02 
! +9.60000E+02, +6.99200E-02 
! +1.12000E+03, +5.52000E-02 
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+1.28OOOE+O3, +4.48960E-02 
+1.44000E+03, +3.75360E-02 
+1.60000E+03, +3.38560E-02 
+1.76000E+03, +2.94400E-02 
+1.92000E+03, +2.64960E-02 
+2.08000E+03, +2.39200E-02 
+2.24000E+03, +2.17120E-02 
+2.40000E+03, +1.9872OE-O2 
+2.56000E+03, +1.80320E-02 
+2.72000E+03, +1.7296OE-O2 
+2.88000E+03, +1.656OOE-O2 
+3.04000E+03, +1.61920E-02 
+3.20000E+03, +1.58240E-02 
+3.36000E+03, +1.50880E-02 
+3.52000E+03, +1.47200E-02 
+3.68000E+03, +1.43520E-02 
+3.84000E+03, +1.3984OE-O2 
+4.00000E+03, +1.38000E-02 
+4.16000E+03, +1.36160E-02 
+4.32000E+03, +1.32480E-02 
+4.48000E+03, +1.28800E-02 
+4.64000E+03, +1.25120E-02 
+4.80000E+03, +1.19600E-02 
+4.96000E+03, +1.19600E-02 
+5.12000E+03, +1.17760E-02 
+5.28000E+03, +1.14080E-02 
+5.44000E+03, +1.12240E-02 
+5.60000E+03, +1.11320E-02 
+5.76000E+03, +3.1132OE-O2 
+5.92000E+03, +1.10860E-02 
+6.08000E+03, +1.10400E-02 
+6.24000E+03, +1.08560E-02 
+6.40000E+03, +1.06720E-02 
+6.56000E+03, +1.04880E-O2 
+6.72000E+03, +1.03040E-02 
+6.88000E+03, +1.03040E-02 
+7.04000E+03, +1.01200E-02 
+7.20000E+03, +9.93600E-03 
+7.36000E+03, +9.56800E-03 
+7.52000E+03, +9.38400E-03 
+7.68000E+03, +9.20000E-03 
+7.84000E+03, +9.01600E-03 
+8.00000E+03, +8.83200E-03 
+8.16000E+03, +8.09600E-03 
+8.32000E+03, +7.91200E-03 
+8.48OOOE+O3, +7.72800E-03 
+8.64000E+03, +7.54400E-03 
+8.80000E+03, +7.36000E-03 
+8.96000E+03, +7.17600E-03 
+9.12000E+03, +6.99200E-03 
+9.28000E+03, +6.80800E-03 
+9.44000E+03, +6.62400E-03 
+9.60000E+03, +6.62400E-03 



! +9.76000E+03, 
! +9.92000E+03, 
! +1.00800E+04, 
! +1.02400E+04, 
! +1.04000E+04, 
! +1.05600E+04, 
! +1.07200E+04, 
! +1.0880OE+O4, 
! +1.10400E+04, 
! +1.12000E+04, 
! +1.13600E+04, 
! +1.15200E+04, 
! +1.168OOE+O4, 
! +1.18400E+04, 
! +1.20000E+04, 
! +1.21600E+04, 
! +1.23200E+04, 
! +1.24800E+04, 
! +1.26400E+04, 
! +1.28000E+04, 
! +1.29600E+04, 
! $  
$ 
$ 
$ 
$ 
! 
! 
! 
I 

I 

I 

I 

$ 
I 

I 

1 

1 

$ 
1 

1 

! 
! 

$ 
I 
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+6.44000E-03 
+6.25600E-03 
+5.88800E-03 
+5.52000E-03 
+5.33600E-03 
+5.15200E-03 
+4.78400E-03 
+4.60000E-03 
+4.41600E-03 
+4.23200E-03 
+4.04800E-03 
+3.86400E-03 
+3.68000E-03 
+3.49600E-03 
+3.31200E-03 
+3.12800E-03 
+2.94400E-03 
+2.76000E-03 
+2.57600E-03 
+2.39200E-03 
+2.20800E-03 

TRIP UXjIC FOR JUNCTIONS 

FALSE TRIP SET TO FALSE AT -10 SEC. 
TRIP TYPE UKX IN NW TESTS 

TIME TEST 
3 -4 1 1 

TRIP TEST TIME 
0 -10. 

PRESSURE CHECX 2 IN MG IN RX BLCG C1 & C2 "OR" UIGIC. 
TRIP TYPE L13(x I N  NW TESTS 
4 1 2 1 
PRESSURE TEST 
aA4P PRESS 

1 101  821. 
2 101821. 

PRESSLRE CHECX 2 I N  MG IN FG &SG CELLS "AND" DIG. 
TRIP TYPE L13(x I N  NUvl TESTS 
5 1 2 2 
PRESSURE TEST 
OCMP PRESS 
3 101 821. 
4 101 821. 

OR PRESSURE CHECKS I N  Rx BLCG AND PG &SG. 
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I 

$ 
I 
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$ 
I 

I 

$ 
I 

I 

I 

1 

$ 
I 

I 

I 

I 

$ 
! 
I 

! 
I 

$ 

! 
I 

TRIP TYPE LOCX IN 

TRIP TEST 
TRIP m 
4 0. 
5 0 .  

6 5 1 

TIMER (STARTS AFIER 
TRIP TYPE LOCK IN 

TIME TEST 
16 6 1 

TRIP TIME 
6 150. 

TIMER (STARTS AFTER 
TRIP TYPE Lw< 

7 6 1 
TIME TEST 
TRIP TIME 

16 55. 

PRESSURE TO OPEN 
TRIP TYPE LOCX 
8 -1 2 

PRESSURE TEST 
(XMP PRESS 

1 102071. 
2 102071. 

TIMER + PRESSURE 

I N  

NCM TESTS 
1 

TRIP 6) .  

1 
NLM TESTS 

TRIP 16).  
W TESTS 

1 

FILTER VENT AND W S E  SPECIAL STEAM W IF < 3 I N  W 
I N  NUM TESTS 

2 

OIECK. 
TRIP TYPE LOCX IN NUvl TESTS 

TRIP TEST 
1 5 2 2 

TRIP w 
7 0. 
8 0 .  

PRESSURE TO OPEN SPECIAL STEAM W. 
TRIP TYPE LIXX IN M TESTS 

PRESSURE TEST 
12 1 1 1 

o[Mp PRESS 
1 109941. 

PRESSURE To OPE3 REUJLAR STEAM VENTS IN E. 
TRIP TYPE LocIi I N  M T E S T S  

PRESSURE TEST 
17 1 1 1 

(XMP PRESS 
3 115111. 

PRESSURE TO OPEN REGULAR STEAMVENT I N  RX BLCG. 
TRIP TYPE IN NUvl TESTS 

F-15 
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18 1 1 1 
! PRESSURETEST 
! OCMP PRESS 

$ 
! Locx I N  TEST 1 AND CLOSE SPECIAL STEAM VENT. 
! TRIP TYPE Locx I N  NCMTESTS 

! TRIP TEST 
! TRIP m 
$ 
! SET TO OPPOSITE OF TEST 1. 
! TRIP TYPE u3cK I N  W T E S T S  

14 - 5  2 1 
! TRIP TEST 
! TRIP w 

$ 
! OPEN SPECIAL STEAM VENT ONLY IF W ALREADY OPENED AND CLOSED). 
! TRIP TYPE Loo< I N  NLMTESTS 

! TRIP TEST 
! TRIP w 

1 115111. 

13 5 1 1 

1 0. 

13 0. 

15 5 2 2 

14 0. 
12 0. 

$ 
! LMX I N  TEST 16 AND CLOSE REGUIAR STEAM VENTS. 
! TRIP TYPE LOCK I N  NCM TESTS 

! TRIP TEST 
! TRIP w 
$ 
! SET TO OPPOSITE OF TEST 1. 
! TRIP TYPE Locx I N  W T E S T S  

22 - 5  2 1 
! TRIP TEST 
! TRIP w 
$ 
! OPEN REGULAR STEAMVENT I N  C3 (ONLY IF W ALREADYOPENEDANDCLOSED). 
! TRIP TYPE Locx I N  NLMTESTS 

! TRIP TEST 
! TRIP lX.hMY 

21 5 1 1 

16 0.  

21 0. 

23 5 2 2 

22 0. 
17 0. 

$ 
! OPENREiGtiIAR STEAMVENT I N C 1  (ONLY IFWALREADYOPENEDANDCLOSED). 
! TRIP TYPE LoCx I N  W T E S T S  

! TRIP TEST 
24 5 2 2 
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! 
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I 

$ 
I 

1 

I 

I 

$ 
1 

I 

1 

! 

$ 
$ 
1 

I 

I 

1 
I 

$ 

2 
! 

I 

$ 

3 
! 

I 

$ 

TRIP M 
22 0. 
18 0. 

RECLOSE PRESSURE WCX K)R FILTER VENT AT 15 IN W. 
TRIP TYPE LOCK IN NIM TESTS 

PRESSURE TEST 
2 1 2 1 

(XMP PRESS 
1 105055. 
2 105055. 

T R W  TRIP SET To T R W  AT -10 SEC. 
TRIP TYPE LOCK IN NCMTESTS 

TRIP TEST 
9 4 1 1 

TRIP TEST TIME 
0 -10. 

BLDAOWOFRXBLDGTO PGVENT. 
TRIP TYPE LMX I N  NIMTESTS 
10 -2 1 1 

PRESSURE TEST J W I O N  6 
TRIP TEST PRESS 

6 - 15513. 

TABLES FOR JUNCTIONS 

OPEN TABLE FOR FILTER VENT 

TIME YQPEN 
0. 0. 
10. 1. 

CLOSE TABLE FOR FILTER VENT 

Tim ~ P E N  
0 .  1 .  

10. 0 .  

OPENING TABLE T;oR RX BllXi To PG VENT 

DIFF PRESS YQPEN 
0 .  0 .  

373 .  0 .  
6 2 2 .  1. 

! OPEN TABLE FOR SPECIAL AND REGULAR STEAM VENT . 
4 
! TIME YQPEN 

$ 
0 .  1 .  
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! CLOSIW TABLE FOR SPECIAL VENT. 
5 
! TIME YQPEN 

0 .  1 .o 
15 .  0.0 

$ 
! cLI)SIW TABLE FOR RBGULAR STEAMVENT. 
6 
! TIME YQPEN 

0 .  1 .o 
2 5 .  0.0 

$ 
$ 
! INITIALW TEMPERATURES 

2*339 
1 *477 
3*339 
1 *505 
1 *339 
8*322.  

! NAMELIST TYPE INPUT 

! (WI'PUT r n r R 0 L  VARIARLES 
DELTFL = .01 
DELYR = . 1  
! HYDROGEN IGNITION LIMITS 
xHWlG=l .o 
! TIMESTEP CDNI'ROL VARIABLES 
!ESF (XXITTROLS 
SPRAYS-AUTO 
$ 

I 

I 

I 

\ 
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